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BEAM MATCHING METHOD AND
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/CN2018/071369, filed on Jan. 4, 2018,

which claims priority to Chinese Patent Application No.
201710010982.6, filed on Jan. 6, 2017. The disclosures of
the aforementioned applications are hereby incorporated by
reference in their entireties.

TECHNICAL FIELD

The present mvention relates to the field of communica-
tions technologies, and 1n particular, to a beam matching
method and an apparatus.

BACKGROUND

Currently, a next generation evolution system has higher
requirements in terms of network performance and user
experience, which brings greater challenges to a Sth Gen-
cration (5th Generation, 5G) mobile communications sys-
tem. Due to 1ts rich spectrum resources, a millimeter-wave
band becomes one of main operating bands of a 5G tech-
nology. When the millimeter-wave band 1s used, because
data transmission 1n the millimeter-wave band has a high
path loss and poor anti-fading performance, a narrow beam
needs to be sent to expand coverage. The narrow beam may
be applied to counteract a high-frequency path loss and
expand coverage. However, a key problem 1s how to imple-
ment selection and alignment of a base station transmit beam
and a user receive beam through beam scanning, namely,
beam matching.

Beam matching procedures mainly include:

a terminal device measures different transmission and
reception point (Transmission and Reception point, TRP)
transmit beams for selecting TRP transmit beams and ter-
minal device receive beams:

the terminal device measures different TRP transmait
beams for possible TRP transmit beam change; and

the terminal device measures a same TRP transmit beam
for terminal device receive beam change.

How to centrally manage various beam matching proce-
dures 1s a key problem that needs to be resolved 1 a 5G
system.

SUMMARY

Embodiments of the present mvention provide a beam
matching procedure and an apparatus, to centrally manage
various beam matching procedures.

According to a first aspect, a beam matching method 1s
provided, and the method includes: determining a beam
scanning parameter group; sending the beam scanning
parameter group to a receive end device; and performing
transmit beam scanning based on the beam scanning param-
eter group.

In this implementation, a transmit end device performs
beam scanning based on the determined beam scanming
parameter group, and sends the beam scanning parameter
group to the receive end device, so that the receive end
device matches, based on the beam scanning parameter
group, a recerve beam of a transmit beam determined
through scanming, and the beam scanning parameter group
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2

may be used 1n any beam matching procedure. Therefore,
various beam matching procedures may be centrally man-
aged by using one same beam scanning parameter group, so
that the beam matching procedures can be simplified.

In an implementation of the first aspect, the beam scan-
ning parameter group includes: a first quantity parameter
Ntot, where the first quantity parameter 1s used to indicate a
quantity of unique time umts included in at least one
consecutive channel state information-reference signal CSI-
RS ftransmission period required for completing beam
matching, the unique time unit 1s one of at least one time unit
included 1n the at least one consecutive CSI-RS transmission

period, and a transmit beam associated with the unique time
umt 1s different from a transmit beam associated with
another time unit in the at least one consecutive CSI-RS
transmission period, and/or a recerve beam associated with
the unique time unit 1s different from a receive beam
associated with another time unit in the at least one con-
secutive CSI-RS ftransmission period; a scanning type,
where the scanning type includes a first scanning type and a
second scanning type, the first scanning type 1s used to
indicate that transmit beams on different CSI-RS resources
and/or ports 1n each unique time unit are the same, and the
second scanning type 1s used to indicate that transmit beams
on different CSI-RS resources and/or ports in each unique
time unit are different; and a resource parameter, where the
resource parameter 1s used to indicate one or more CSI-RS
resources corresponding to each unique time unit included in
cach CSI-RS transmission period.

In this implementation, the transmit end device and the
receive end device may perform any beam matching proce-
dure based on the same three parameters.

In another implementation of the first aspect, a plurality of
CSI-RS resources corresponding to each unique time unit
are configured 1n a same subirame or a plurality of consecu-
tive sublrames, and/or configuration of each CSI-RS
resource includes at least the following same configuration
parameters: a quantity of ports, time-frequency density, and
a period of the CSI-RS resource.

In this implementation, CSI-RS resource configuration 1s
performed for each unique time unit based on some same
configuration parameters, so that the configuration can be
simplified.

In still another implementation of the first aspect, the
method further includes: recerving a beam matching result
from the receive end device, where the beam matching result
includes information about a transmit beam that 1s deter-
mined by performing beam matching by the receive end
device based on the beam scanning parameter group, where
if the unique time unit corresponds to one CSI-RS resource,
the beam matching result includes a number of a unique time
unit corresponding to the determined transmit beam and/or
a port number of the CSI-RS resource; and if the umique time
unmt corresponds to a plurality of CSI-RS resources, the
beam matching result includes a number of a unique time
unit corresponding to the determined transmit beam and/or
resource numbers of the CSI-RS resources and/or port
numbers of the CSI-RS resources.

In this implementation, for the procedures of the beam
scanning and the beam matching, after the beam matching 1s
completed, the recerve end device needs to report the beam
matching result to the transmit end device, to notily the
information about the transmit beam determined by per-
forming the beam matching.

In still another implementation of the first aspect, the
transmit beam includes a plurality of wide beams transmit-
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ted periodically, and the beam matching result includes
information about one or more wide beams determined from
the plurality of wide beams.

In this implementation, the transmit end device scans the
plurality of transmitted wide beams, and determines one or
more beams having relatively lhigh transmit beam quality
from the plurality of transmitted wide beams, and the receive
end device performs beam matching on the plurality of
transmitted wide beams, and determines receive beams that
match the one or more transmit beams determined by the
transmit end device.

In still another implementation of the first aspect, the
beam scanning parameter group further includes a second
quantity parameter Np, where Np 1s used to indicate a
quantity of time umts included in each CSI-RS transmission
period, Ntot=Np>1, and the scanning type 1s the first scan-
ning type or the second scanning type.

In this implementation, the beam matching procedure 1s
completed through centralized scanning and matching.

In still another implementation of the first aspect, Ntot=1,
and the scanning type 1s the second scanming type.

In this implementation, the beam matching procedure 1s
completed through distributed scanning and matching.

In still another implementation of the first aspect, the
transmit beam includes a plurality of narrow beams, and the
beam matching result includes imformation about one or
more narrow beams determined from the plurality of narrow
beams.

In this implementation, a recetve beam matched by the
receive end device remains unchanged, and a wide beam
determined through scanning by the transmit end 1s scanned
to determine a plurality of narrow beams in the wide beam
and to determine one narrow beam aligned with the receive
beam.

In still another implementation of the first aspect, the
transmit beam includes a plurality of narrow beams trans-
mitted periodically or semi-periodically, Ntotz1, and the
scanning type 1s the second scanning type.

In this implementation, the beam matching procedure 1s
completed through periodic or semi-periodic scannming and
matching.

In still another implementation of the first aspect, the
transmit beam includes a plurality of narrow beams trans-
mitted aperiodically, Ntot=1, and the scanning type is the
second scanning type.

In this implementation, the beam matching procedure 1s
completed through aperiodic scanning and matching.

In still another implementation of the first aspect, the
method further includes: sending a CSI-RS resource quasti
co-location QCL indication message to the receive end
device, where the indication message 1s used to indicate that
one or more CSI-RS resources used to transmit the plurality
of narrow beams are QCL with one or more CSI-RS
resources used to transmit the determined wide beams.

In this implementation, another CSI-RS resource with
which a current CSI-RS resource 1s QCL 1s indicated, so that
a receive beam of the receive end device can be implicitly
indicated.

In still another implementation of the first aspect, the
beam matching result includes information about the one or
more narrow beams determined in the determined one or
more wide beams.

In this implementation, a beam matching result 1s jointly
reported for two procedures, so that feedback overheads of
the receive end device can be reduced.

In still another implementation of the first aspect, the
transmit beam includes a same narrow beam transmitted
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periodically or semi-periodically, Ntot=1, each period
includes only one TU, and the scanning type is the first
scanning type.

In this implementation, the transmit beam remains
unchanged, a receive beam that matches the transmit beam
1s determined from a plurality of receive beams, and the
beam matching procedure 1s completed through periodic or
semi-periodic scanmng and matching.

In still another implementation of the first aspect, the
transmit beam includes a same narrow beam transmitted
aperiodically, Ntot=1, and the scanning type 1s the first
scanning type.

In this implementation, the transmit beam remains
unchanged, a receive beam that matches the transmit beam
1s determined from a plurality of receive beams, and the
beam matching procedure 1s completed through aperiodic
scanning and matching.

In still another implementation of the first aspect, the
method further includes: semi-statically configuring one or
more CSI-RS resources shared by beam matching and
channel measurement into a same reference signal setting;
and dynamically selecting, from the reference signal setting,
at least one CSI-RS resource used for the beam matching or
the channel measurement.

In this implementation, the CSI-RS resource may be
multiplexed 1n the beam matching and the channel measure-
ment.

According to a second aspect, a transmit end device 1s
provided, and the transmit end device has functions of
implementing behavior of the transmit end device in the
foregoing method. The functions may be implemented by
hardware, or may be implemented by executing correspond-
ing soitware by hardware. The hardware or the software
includes one or more modules corresponding to the forego-
ing functions.

In a possible implementation, the transmit end device
includes: a determining unit, configured to determine a beam
scanning parameter group; a sending umt, configured to
send the beam scanning parameter group determined by the
determining unit to a receive end device; and a scanning
unit, configured to perform transmit beam scanning based on
the beam scanning parameter group determined by the
determining unait.

In another possible implementation, the transmit end
device includes: a receiver, a transmitter, a memory, and a
processor, where a set ol program code 1s stored in the
memory, and the processor 1s configured to invoke the
program code stored 1n the memory, to perform the follow-
ing operations: determining a beam scanming parameter
group; sending the beam scanning parameter group to a
receive end device; and performing transmit beam scanning
based on the beam scanning parameter group.

Based on a same 1mventive concept, for a problem resolv-
ing principle and beneficial effects of the apparatus, refer to
the first aspect, the possible implementations of the first
aspect, and corresponding beneficial effects. Theretfore, for
implementation of the apparatus, refer to implementation of
the method. Same parts are not described again.

According to a third aspect, a beam matching method 1s
provided, and the method includes: receiving a beam scan-
ning parameter group from a transmit end device; and
performing beam matching based on the beam scanming
parameter group.

In this implementation, a transmit end device performs
beam scanning based on the determined beam scannming
parameter group, and sends the beam scanning parameter
group to the receive end device, so that the receive end
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device matches, based on the beam scanning parameter
group, a recerve beam of a transmit beam determined
through scanming, and the beam scanning parameter group
may be used 1n any beam matching procedure. Therefore,
various beam matching procedures may be centrally man-
aged by using one same beam scanning parameter group, so
that the beam matching procedures can be simplified.

In an implementation of the third aspect, the performing,
beam matching based on the beam scanning parameter
group includes: for a transmit beam determined aiter the
transmit end device performs the beam scanning based on
the beam scanning parameter group, obtaining, based on the
beam scanning parameter group, a receive beam that
matches the transmit beam.

In this implementation, the beam matching 1s obtaining,

for the transmit beam determined through beam scanning,
the recerve beam that matches the transmit beam.

In another implementation of the third aspect, the beam
scanning parameter group includes: a first quantity param-
cter Ntot, where the first quantity parameter 1s used to
indicate a quantity of unique time units included 1n at least
one consecutive channel state information-reference signal
CSI-RS transmission period required for completing the
beam matching, the unique time unit 1s one of at least one
time unit included in the at least one consecutive CSI-RS
transmission period, and a transmit beam associated with the
unique time unit 1s different from a transmit beam associated
with another time unit 1n the at least one consecutive CSI-RS
transmission period, and/or a recerve beam associated with
the unique time unit 1s different from a receive beam
associated with another time unit in the at least one con-
secutive CSI-RS transmission period; a scanmng type,
where the scanning type includes a first scanning type and a
second scanming type, the first scanning type 1s used to
indicate that transmit beams on different CSI-RS resources
and/or ports 1n each unique time unit are the same, and the
second scanming type 1s used to indicate that transmit beams
on different CSI-RS resources and/or ports in each unique
time unit are different; and a resource parameter, where the
resource parameter 1s used to indicate one or more CSI-RS
resources corresponding to each unique time unit included in
cach CSI-RS transmission period.

In this implementation, the transmit end device and the
receive end device may perform any beam matching proce-
dure based on the same three parameters.

In still another implementation of the third aspect, the
method further includes: sending a beam matching result to
the transmit end device, where the beam matching result
includes information about a transmit beam that 1s deter-
mined by performing beam matching based on the beam
scanning parameter group, where 1f the unique time unit
corresponds to one CSI-RS resource, the beam matching
result includes a number of a unique time unit corresponding,
to the determined transmit beam and/or a port number of the
CSI-RS resource; and 11 the unique time unit corresponds to
a plurality of CSI-RS resources, the beam matching result
includes a number of a unique time unit corresponding to the
determined transmit beam and/or resource numbers of the
CSI-RS resources and/or port numbers of the CSI-RS
resources.

In this implementation, for the procedures of the beam
scanning and the beam matching, after the beam matching 1s
completed, the recerve end device needs to report the beam
matching result to the transmit end device, to notily the
information about the transmit beam determined by per-
forming the beam matching.
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In still another implementation of the third aspect, the
transmit beam includes a plurality of wide beams transmit-
ted periodically, and the beam matching result includes
information about one or more wide beams determined from
the plurality of wide beams.

In this implementation, the transmit end device scans the
plurality of transmitted wide beams, and determines one or
more beams having relatively high transmit beam quality
from the plurality of transmitted wide beams, and the receive

end device performs beam matching on the plurality of
transmitted wide beams, and determines receive beams that
match the one or more transmit beams determined by the
transmit end device.

In still another implementation of the third aspect, the
beam scanning parameter group further includes a second
quantity parameter Np, where Np 1s used to indicate a
quantity of time units included in each CSI-RS transmission
period, Ntot=Np>1, and the scanning type 1s the first scan-
ning type or the second scanning type.

In this implementation, the beam matching procedure 1s
completed through centralized scanning and matching.

In still another implementation of the third aspect, Ntot=1,
and the scanning type 1s the second scanning type.

In this implementation, the beam matching procedure 1s
completed through distributed scanning and matching.

In still another implementation of the third aspect, the
transmit beam includes a plurality of narrow beams, and the
beam matching result includes information about one or
more narrow beams determined from the plurality of narrow
beams.

In this implementation, a receive beam matched by the
receive end device remains unchanged, and a wide beam
determined through scanning by the transmit end 1s scanned
to determine a plurality of narrow beams in the wide beam
and to determine one narrow beam aligned with the receive
beam.

In still another implementation of the third aspect, the
transmit beam includes a plurality of narrow beams trans-
mitted periodically or semi-periodically, Ntot=1, and the
scanning type 1s the second scanming type.

In this implementation, the beam matching procedure 1s
completed through periodic or semi-periodic scanning and
matching.

In still another implementation of the third aspect, the
transmit beam includes a plurality of narrow beams trans-
mitted aperiodically, Ntot=1, and the scanning type 1s the
second scanning type.

In this implementation, the beam matching procedure 1s
completed through aperiodic scanning and matching.

In still another implementation of the third aspect, the
method further includes: receiving a CSI-RS resource quasti
co-location QCL indication message sent by the transmit end
device, where the indication message 1s used to indicate that
one or more CSI-RS resources used to transmit the plurality
of narrow beams are QCL with one or more CSI-RS
resources used to transmit the determined wide beams; and
determining the receive beam based on the indication mes-
sage.

In this implementation, another CSI-RS resource with
which a current CSI-RS resource 1s QCL 1s indicated, so that
a receive beam of the receive end device can be implicitly
indicated.

In still another implementation of the third aspect, the
beam matching result includes mformation about the one or
more narrow beams determined 1n the determined one or
more wide beams.
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In this implementation, a beam matching result 1s jointly
reported for two procedures, so that feedback overheads of

the recerve end device can be reduced.

In still another implementation of the third aspect, the
transmit beam includes a same narrow beam transmitted
periodically or semi-periodically, Ntot=1, each period
includes only one TU, and the scanning type is the first
scanning type.

In this i1mplementation, the transmit beam remains
unchanged, a receive beam that matches the transmit beam
1s determined from a plurality of receive beams, and the
beam matching procedure 1s completed through periodic or
semi-periodic scanning and matching.

In still another implementation of the third aspect, the
transmit beam includes a same narrow beam transmitted
aperiodically, Ntot=1, and the scanning type 1s the {first
scanning type.

In this i1mplementation, the transmit beam remains
unchanged, a receive beam that matches the transmit beam
1s determined from a plurality of receive beams, and the
beam matching procedure 1s completed through aperiodic
scanning and matching.

According to a fourth aspect, a recetve end device 1s
provided, and the receive end device has functions of
implementing behavior of the transmit end device 1n the
foregoing method. The functions may be implemented by
hardware, or may be implemented by executing correspond-
ing soitware by hardware. The hardware or the software
includes one or more modules corresponding to the forego-
ing functions.

In a possible implementation, the receive end device
includes: a receiving unit, configured to receive a beam
scanning parameter group from a transmit end device; and a
matching unit, configured to perform beam matching based
on the beam scanning parameter group received by the
receiving unit.

In another possible implementation, the receive end
device includes: a recerver, a transmitter, a memory, and a
processor, where a set of program code 1s stored in the
memory, and the processor 1s configured to invoke the
program code stored 1n the memory, to perform the follow-
Ing operations: receiving a beam scanning parameter group
from a transmit end device; and performing beam matching
based on the beam scanning parameter group.

Based on a same inventive concept, for a problem resolv-
ing principle and beneficial effects of the apparatus, refer to
the third aspect, the possible implementations of the third
aspect, and corresponding beneficial effects. Therefore, for
implementation of the apparatus, refer to implementation of
the method. Same parts are not described again.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic architectural diagram of a commu-
nications system according to an embodiment of the present
invention;

FIG. 2 1s a schematic interaction diagram of a beam
matching method according to an embodiment of the present
invention;

FIG. 3 1s a schematic diagram of a manner of multiplexing
CSI-RS resources;

FI1G. 4a to FIG. 4¢ are schematic diagrams of an example
of a beam scanning and matching procedure according to an
embodiment of the present invention;

FIG. 3a and FIG. 36 are schematic diagrams ol an
example of another beam scanning and matching procedure
according to an embodiment of the present invention;
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FIG. 6a and FIG. 65 are schematic diagrams of an
example of still another beam scanning and matching pro-

cedure according to an embodiment of the present invention;

FIG. 7 1s a schematic diagram of an example of still
another beam scanming and matching procedure according to
an embodiment of the present invention;

FIG. 8 1s a schematic structural diagram of a transmit end
device according to an embodiment of the present invention;

FIG. 9 1s a schematic structural diagram of a receive end
device according to an embodiment of the present invention;

FIG. 10 1s a schematic structural diagram of another
transmit end device according to an embodiment of the
present invention; and

FIG. 11 1s a schematic structural diagram of another
receive end device according to an embodiment of the
present 1nvention.

DESCRIPTION OF EMBODIMENTS

The following describes the embodiments of the present
invention with reference to the accompanying drawings.

FIG. 1 1s a schematic architectural diagram of a commu-
nications system according to an embodiment of the present
invention. The system 1ncludes a receive end device and a
transmit end device. The receive end device 1n this embodi-
ment of the present invention may communicate with one or
more core networks by using a radio access network (Radio
Access Network, RAN). The receive end device may be an
access terminal, a subscriber unit, a subscriber station, a
mobile station, a mobile console, a remote station, a remote
terminal, a mobile device, a user terminal, a terminal, a
wireless communications device, a user agent, or a user
apparatus. The access terminal may be a cellular phone, a
cordless phone, a Session Initiation Protocol (Session Ini-
tiation Protocol, “SIP” for short) phone, a wireless local loop
(Wireless Local Loop, “WLL” for short) station, a personal
digital assistant (Personal Digital Assistant, “PDA” {for
short), a handheld device having a wireless communication
function, a computing device, another processing device
connected to a wireless modem, an in-vehicle device, a
wearable device, a terminal device (User Equipment, UE) in
a future 5G network, or the like.

The transmit end device 1n this embodiment of the present
invention may be a transmit end device of next generation
communication, for example, a 3G radio access network
device (New Radio, NR, or “new generation air interface
technology™), a transmit end device or a small cell, a micro
cell, or the foregoing TRP.

In FIG. 1, a transmit end device 102 may include a
plurality of antenna groups. Each antenna group may
include one or more antennas. For example, one antenna
group may include antennas 104 and 106, another antenna
group may include antennas 108 and 110, and an additional
group may include antennas 112 and 114. In FIG. 1, two
antennas are shown for each antenna group. However, more
or fewer antennas may be used for each group. The transmit
end device 102 may additionally include a transmitter chain
and a recerver chain. A person of ordinary skill in the art may
understand that the transmitter chain and the receiver chain
cach may include a plurality of components related to signal
transmission and reception, for example, a processor, a
modulator, a multiplexer, a demodulator, a demultiplexer,
and an antenna.

The transmit end device 102 may communicate with one
or more receive end devices, for example, a receive end
device 116 and a receive end device 122. However, it may
be understood that the transmit end device 102 may com-
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municate with any quantity of receive end devices similar to
the receive end device 116 or 122. As shown 1n FIG. 2, the
receive end device 116 communicates with the antennas 112
and 114. The antennas 112 and 114 send information to the
receive end device 116 over a forward link 118 and receive
information from the receive end device 116 over a reverse
link 120. In addition, the receive end device 122 commu-
nicates with the antennas 104 and 106. The antennas 104 and
106 send information to the receive end device 122 over a
forward link 124 and receive information from the receive
end device 122 over a reverse link 126. In a frequency
division duplex (Frequency Division Duplex, FDD) system,
for example, the forward link 118 may use a frequency band
different from that used by the reverse link 120, and the
forward link 124 may use a frequency band diflerent from
that used by the reverse link 126. In addition, in a time
division duplex (Time Division Duplex, TDD) system, the
forward link 118 and the reverse link 120 may use a common
frequency band, and the forward link 124 and the reverse
link 126 may use a common frequency band.

Each group of antennas and/or regions designed for
communication 1s referred to as a sector of the transmit end
device 102. For example, the antenna group may be
designed to communicate with a receive end device 1n a
sector of a coverage area of the transmit end device 102. In
a process in which the transmit end device 102 communi-
cates with the receive end devices 116 and 122 by using the
forward links 118 and 124 respectively, a transmit antenna
of the transmit end device 102 may use beamiorming to
improve signal-to-noise ratios of the forward links 118 and
124. In addition, compared with a manner 1 which the
transmit end device sends signals to all receive end devices
connected to the transmit end device by using a single
antenna, when the transmit end device 102 uses beamform-
ing to send signals to the receive end devices 116 and 122
that are randomly scattered in a related coverage area,
mobile devices 1n neighboring cells may be subject to less
interference.

In a given time, the transmit end device 102 may be a
wireless communications transmission apparatus, and the
receive end device 116 or the receive end device 122 may be
a wireless communications recerving apparatus. During data
transmission, the wireless communications transmission
apparatus may encode data for transmission. In some
embodiments, the wireless communications transmission
apparatus may obtain, for example, generate, receive from
another commumnications apparatus, or store 1n a memory, a
particular quantity of data bits to be sent to the wireless
communications receiving apparatus through a channel.
Such data bits may be included 1n a transport block or a
plurality of transport blocks of data, and the transport block
may be segmented to generate a plurality of code blocks.

FIG. 2 1s a schematic interaction diagram of a beam
matching method according to an embodiment of the present
invention. The method includes the following steps.

S101. A transmit end device determines a beam scanning
parameter group.

The transmit end device needs to perform transmit beam
scanning based on a beam scanning parameter, a receive end
device needs to perform beam matching based on the beam
scanning parameter indicated by the transmit end device,
and a plurality of procedures are used in the beam scanning
and the beam matching. In the prior art, beam scanning and
matching are performed based on a set of independent
parameters 1 each procedure. In this embodiment, the
transmit end device determines a beam scanning parameter
group used to perform transmit beam and receive beam
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scanning, and the beam scanning parameter group 1s appli-
cable to a plurality of beam scanning and matching proce-
dures, and 1s a same group of parameters.

The transmit end device performs the transmit beam
scanning. Herein, a transmit beam may be used to send, for
example, a channel state information-reference signal
(Channel State Information-Reference Signal, CSI-RS). The
receive end device performs the beam matching, to be
specific, aligns a receive beam of the recerve end device with
the transmit beam of the transmit end device. After the beam
scanning and matching are completed, the transmit end
device and the recerve end device may use the matched
transmit beam and receive beam to transmit data.

In some embodiments, the beam scanning parameter
group includes:

a first quantity parameter Ntot, where the first quantity
parameter 1s used to indicate a quantity of unique time units
included 1n at least one consecutive CSI-RS transmission

period required for completing beam matching, the unique
time unit 1s one of at least one time unit included 1n the at
least one consecutive CSI-RS transmission period, and a
transmit beam associated with the unique time unit 1s
different from a transmit beam associated with another time
unit 1 the at least one consecutive CSI-RS transmission
period, and/or a receive beam associated with the unique
time unit 1s different from a receirve beam associated with
another time unit in the at least one consecutive CSI-RS
transmission period;

a scanning type, where the scanming type includes a first
scanning type and a second scanning type, the first scanning
type 1s used to indicate that transmit beams on different
CSI-RS resources and/or ports 1n each unique time unit are
the same, and the second scanning type is used to indicate
that transmit beams on diflerent CSI-RS resources and/or
ports 1n each unique time unit are diflerent; and

a resource parameter, where the resource parameter 1s
used to indicate one or more CSI-RS resources correspond-
ing to each unique time unit included 1n each CSI-RS
transmission period.

In some embodiments, the beam scanning parameter
group may further include a second quantity parameter Np,
where Np 1s used to indicate a quantity of time units
included 1n each CSI-RS transmission period.

In some embodiments, one CSI-RS transmission period or
a plurality of consecutive CSI-RS transmission periods may
be required to complete the beam scanning and matching.
For example, X subirames are occupied to send a first
CSI-RS, and a second CSI-RS is sent in an (X+N)? sub-
frame. Therefore, a CSI-RS transmission period 1s N sub-
frames, where X=1.

The CSI-RS resource 1s a group of resource elements
(Resource Flement, RE) that may be sent on a group of
ports. A group of ports include one or more ports, and a
group of REs include one or more REs. One transmit beam
may correspond to one or more CSI-RS resources, or
correspond to one or more ports of one CSI-RS resource. In
the first scanning type, in each unique time unit, one transmit
beam corresponds to a plurality of CSI-RS resources or a
plurality of ports of one CSI-RS resource, that is, the
plurality of CSI-RS resources or the plurality of ports of one
CSI-RS resource correspond to the same transmit beam. In
the second scanning type, in each unique time unit, one
transmit beam corresponds to one CSI-RS resource or one
port of one CSI-RS, that 1s, a plurality of CSI-RS resources
or a plurality of ports of one CSI-RS resource correspond to
different transmit beams.
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Specific application of each parameter 1n the beam scan-
ning parameter group 1s described 1in detail 1n the plurality of
beam scanning and matching procedures in the following
examples. Different combinations of various parameters
may be used to correspond to different beam matching
operations.

In this embodiment, as shown 1n a schematic diagram of
a manner of multiplexing CSI-RS resources 1n FIG. 3, a
plurality of CSI-RS resources corresponding to each unique
time unit may be multiplexed 1n a manner of time division
multiplexing (Time Division Multiplexing, TDM), 1re-
quency division multiplexing (Frequency Division Multi-
plexing, FDM), or TDM and FDM.

Further, with respect to configuration of the CSI-RS
resources, the plurality of CSI-RS resources corresponding
to each unique time unit may be configured 1n a same
subiframe or a plurality of consecutive subirames. To be
specific, a plurality of CSI-RS resources may be sent in one
subirame. For example, four beams, a TxB 1 to a TxB 4, are
transmitted 1n one unique time unit, and each transmit beam
corresponds to one CSI-RS resource. The TxB 1 to the TxB
4 may be configured 1n one subiframe for sending. Alterna-
tively, the TxB 1 and the TxB 2 may be configured 1n a first
subirame for sending, and the TxB 3 and the TxB 4 may be
configured 1n a second subirame for sending.

In addition, with respect to configuration of the CSI-RS
resources, configuration of each CSI-RS resource includes at
least the following same configuration parameters: a quan-
tity of ports, time-frequency density, and a period of the
CSI-RS resource. To be specific, a plurality of CSI-RS
resources may be required to complete beam scanning and
matching, the beam scanning and matching need to be
completed 1n a plurality of consecutive CSI-RS transmission
periods, and one CSI-RS resource may correspond to a
plurality of ports; and during configuration, to simplify
resource configuration, it 1s ensured that configuration of
cach CSI-RS resource has the same configuration param-
cters, for example, the same quantity of ports, time-ire-
quency density, and period of the CSI-RS resource.

S102. The transmit end device sends the beam scanning
parameter group to a receive end device.

After the transmit end device establishes a connection to
the receive end device and the transmit end device deter-
mines the beam scanning parameter group, the transmit end
device sends the beam scanning parameter group to the
receive end device by using signaling, and the receive end
device receives the beam scanning parameter group from the
transmit end device. Further, after recerving the beam scan-
ning parameter group sent by the transmit end device by
using the signaling, the receive end device may store the
beam scanning parameter group. When the receive end
device needs to perform beam matching with the transmuit
end device, the receive end device obtains the beam scan-
ning parameter group stored on the receive end device.

S103. The transmit end device performs transmit beam
scanning based on the beam scanning parameter group.

The transmit end device sends a transmit beam based on
the received beam scanning parameter group, to be specific,
sends the transmit beam based on the first quantity param-
cter, the scanning type, and the resource parameter.

S104. The receive end device performs beam matching
based on the beam scanning parameter group.

The receive end device matches, based on the beam
scanning parameter group, a receive beam of the transmait
beam determined by the transmit end device through scan-
ning, so that the receive beam of the recerve end device 1s
aligned with the transmit beam of the transmit end device.
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In other words, the beam scanning parameter group 1s used
to determine a group of a transmit beam and a receirve beam
that are aligned with each other. S104 specifically includes:
for a transmit beam determined after the transmait end device
performs the beam scanning based on the beam scanning
parameter group, obtaining, based on the beam scanming

parameter group, a receive beam that matches the transmit
beam.

For example, in one beam scanning and matching proce-
dure, the transmit end device scans a plurality of transmuitted
wide beams, and determines one or more beams having
relatively high transmit beam quality from the plurality of
transmitted wide beams, and the receive end device per-
forms beam matching on the plurality of transmitted wide
beams, and determines receive beams that match the one or
more transmit beams determined by the transmit end device.
In another beam scanning and matching procedure, a receive
beam matched by the receive end device remains
unchanged, and a wide beam determined through scanning
by the transmit end 1s scanned to determine a plurality of
narrow beams 1n the wide beam and to determine one narrow
beam aligned with the receive beam. In still another beam
scanning and matching procedure, the transmit beam
remains unchanged, and a receive beam that matches the
transmit beam 1s determined from a plurality of receive
beams. Each of the foregoing beam matching procedures 1s
performing measurement through scanning to obtain a beam
having relatively high transmit beam or receive beam qual-
ity, and 1s a process of aligning a receive beam with a
transmit beam.

In some embodiments, the method may further include
the following step:

S105. The receive end device sends a beam matching
result to the transmit end device.

The beam matching result includes information about a
transmit beam that 1s determined by performing beam
matching by the receive end device based on the beam
scanning parameter group, where

if the unique time unit corresponds to one CSI-RS
resource, the beam matching result includes a number of a
unique time unit corresponding to the determined transmit
beam and/or a port number of the CSI-RS resource; and

1 the unique time unit corresponds to a plurality of
CSI-RS resources, the beam matching result includes a
number of a unique time umt corresponding to the deter-
mined transmit beam and/or resource numbers of the CSI-
RS resources and/or port numbers of the CSI-RS resources.

It should be noted that, 1n addition to reporting the beam
matching result to the transmit end device, the receive end
device may also report beam quality.

The following describes specific application of a beam
scanning parameter group with reference to specific beam
matching procedures. It should be noted that manners of

multiplexing CSI-RS resources 1n the following examples
are all similar to the manner of TDM, FDM, or TDM and

FDM.

FIG. 4a to FIG. 4c¢ are schematic diagrams of an example
of a beam scanning and matching procedure according to an
embodiment of the present invention. The beam scanning
and matching procedure 1s used to determine one or more
wide beams from a plurality of transmitted wide beams and
determine a receive beam aligned with the one or more wide
beams. The transmit beam includes a plurality of wide
beams transmitted periodically, and the beam matching
result includes information about one or more wide beams
determined from the plurality of wide beams. In some
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embodiments, 1n the beam matching procedure, the beam
matching may be alternatively completed in a centralized or
distributed manner.

FIG. 4a shows a centralized beam matching procedure.
The beam scanning parameter group further includes a
second quantity parameter Np, where Np 1s used to indicate
a quantity of time units included i each CSI-RS transmis-
sion period, Ntot=Np>1, and the scanning type 1s the first
scanning type.

In FIG. 4a, Ntot=4, that 1s, a plurality of consecutive
CSI-RS transmission periods (only two periods are shown as
an example in the figure) include four unique time units
(Time Unit, TU), namely, a TU 1 to a TU 4. The TUs are
associated with different transmit beams. The TU 1 corre-
sponds to a TxB 1, the TU 2 corresponds to a TxB 2, and so
on. Np=4, that 1s, one CSI-RS period includes four TUs.
Transmit beams on different CSI-RS resources and/or ports
in each TU are the same. A mark “STU” 1s used 1n the figure
to correspond to one CSI-RS resource and/or port. It can be
learned that STUs 1n each TU correspond to a same transmit
beam. Therefore, the scanning type of the transmit beam in
FIG. 4a 1s the first scanning type. The transmit end device
transmits a beam based on the foregoing parameter group, in
other words, performs beam scanning. The receive end
device can also determine, based on the foregoing parameter
group, a receive beam aligned with the transmit beam. For
example, 1t 1s assumed that the transmit end device performs
transmit beam scanning, and determines that a wide beam
having relatively high beam quality 1n the TxB 1 to a TxB
4 1s the TxB 2. Herein, the receive end device uses two
receive beams, namely, an RxB 1 and an RxB 2, to perform
beam matching, and the receive end device can determine,
based on the foregoing parameter group, that a receive beam
aligned with the TxB 2 1s the RxB 1.

In addition, when the receive end device reports the beam
matching result, the beam matching result includes a TU
number.

FIG. 4b shows another centralized beam matching pro-
cedure. A difference from the centralized beam matching
procedure shown in FIG. 4a 1s that the scanning type 1s the
second scanning type.

In FIG. 4b, Ntot=2, that 1s, a plurality of consecutive
CSI-RS transmission periods include two unique time units,
namely, a TU 1 and a TU 2. The TUs are associated with
different receive beams. The TU 1 corresponds to an RxB 1,
and the TU 2 corresponds to an RxB 2. Np=2, that 1s, one
CSI-RS period includes two TUs. Transmit beams on dii-
terent CSI-RS resources and/or ports in each TU are difler-
ent. To be specific, STUs 1n each TU correspond to different
transmit beams. Therefore, the scanning type of the transmit
beam 1n FIG. 45 1s the second scanning type.

In addition, when the receive end device reports the beam
matching result, 1f each TU corresponds to one CSI-RS
resource, and the CSI-RS resource further includes a plu-
rality of ports, 1n other words, a transmit beam 1s sent from
the plurality of ports corresponding to the CSI-RS resource,
the beam matching result includes a port number of the
CSI-RS resource.

If each TU corresponds to a plurality of CSI-RS
resources, and a same transmit beam 1s sent from one port
or a plurality of ports corresponding to each CSI-RS
resource, the beam matching result includes a resource
number of a CSI-RS. If each TU corresponds to a plurality
of CSI-RS resources, and each CSI-RS resource corresponds
to a plurality of ports, different transmit beams may be sent

10

15

20

25

30

35

40

45

50

55

60

65

14

from different ports, and the beam matching result includes
a resource number of a CSI-RS and a port number of the
CSI-RS resource.

It can be learned that the first scanning type 1s used 1n FI1G.
da, indicating that the receive beam 1s switched faster than
the transmit beam, and the second scanning type 1s used in
FIG. 4b, indicating that the transmit beam 1s switched faster
than the receive beam.

FIG. 4¢ shows a distributed beam matching procedure.
Ntot=1, and the scanning type 1s the second scanning type.

In FIG. 4¢, Ntot=1, that 1s, a plurality of consecutive
CSI-RS transmission periods include one unique time unit.
Transmit beams on different CSI-RS resources and/or ports
in the TU are different. To be specific, 1n the TU, STUs
correspond to different transmit beams. Therefore, the scan-
ning type of the transmit beam in FIG. 4¢ 1s the second
scanning type. In FIG. 4¢, four beams, namely, a TxB 1 to
a TxB 4, are transmitted 1n the TU, one receive beam 1s used
in the TU 1n each period to perform beam matching, and a
plurality of periods are required to complete beam scanning
and matching. Therefore, the beam matching 1s referred to as
distributed beam matching. The transmit end device trans-
mits a beam based on the foregoing parameter group, in
other words, performs beam scanming. The receive end
device can also determine, based on the foregoing parameter
group, a receive beam aligned with the transmit beam. For
example, 1t 1s assumed that the transmit end device performs
transmit beam scanning, and determines that a wide beam
having relatively high beam quality 1s the TxB 2. Herein, the
receive end device uses a plurality of receive beams to
perform beam matching, one receive beam 1s used 1n each
period to perform beam matching, and the receive end
device can determine, based on the foregoing parameter
group, that a receive beam aligned with the TxB 2 1s an RxB
3.

In addition, when the receive end device reports the beam
matching result, 1t the TU corresponds to one CSI-RS
resource, and the CSI-RS resource further includes a plu-
rality of ports, in other words, a transmit beam 1s sent from
the plurality of ports corresponding to the CSI-RS resource,
the beam matching result includes a port number of the
CSI-RS. If the TU corresponds to a plurality of CSI-RS
resources, and one or more ports corresponding to each
CSI-RS resource are used to send a same transmit beam, the
beam matching result includes a resource number of a
CSI-RS. If the TU corresponds to a plurality of CSI-RS
resources, and each CSI-RS resource corresponds to a
plurality of ports, different transmit beams may be sent from
different ports, and the beam matching result includes a
resource number of a CSI-RS and a port number of the
CSI-RS resource.

FIG. 5a and FIG. 356 are schematic diagrams of an
example of another beam scanning and matching procedure
according to an embodiment of the present invention. The
beam scanning and matching procedure 1s used to select,
from determined wide beams for a receive beam (in this
case, the receive beam 1s unchanged) determined in the
foregoing procedure, a narrow beam aligned with the receive
beam. The transmit beam includes a plurality of narrow
beams, and the beam matching result includes information

about one or more narrow beams determined from the
plurality of narrow beams. Specifically, the beam matching
procedure 1s also divided into periodic/semi-periodic beam
matching and aperiodic beam matching.
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As shown 1n FIG. 5q, the transmit beam includes a
plurality of narrow beams transmitted periodically or semi-
periodically, Ntot=1, and the scanning type 1s the second
scanning type.

In FIG. 5a, Ntot>1, that 1s, a plurality of consecutive

CSI-RS transmission periods include a plurality of unique
time units. TUs are associated with different transmit beams,
a TU 1 corresponds to a TxB 1 to a TxB 4, a TU 2
corresponds to a TxB 5 to a TxB 8, and so on. Herein, the
transmit beam 1s a narrow beam. A quantity of transmit
beams to be scanned 1s determined based on a quantity of
narrow beams included 1n a wide beam. If N wide beams are
determined in FIG. 4a to FIG. 4¢, narrow beams included in
the N wide beams are scanned herein. Transmit beams on
different CSI-RS resources and/or ports in each TU are
d
d

ifferent. To be specific, in each TU, STUs correspond to
ifferent transmit beams. Therefore, the scanning type of the
transmit beam in FIG. 5a 1s the second scanning type. The
transmit end device transmits a beam based on the foregoing,
parameter group, 1n other words, performs beam scanning.
The receive end device can also determine, based on the
foregoing parameter group, a transmit beam aligned with a
receive beam. For example, assuming that the transmit end
device performs transmit beam scanning, and determines
that a narrow beam having relatively high beam quality 1s
the TxB 5, and the receive beam remains unchanged, the
receive end device can determine, based on the foregoing
parameter group, that a transmit beam aligned with a receive
beam RxB 1 is the TxB 5.

In addition, when the recerve end device reports the beam
matching result, 1f each TU corresponds to one CSI-RS
resource, and the CSI-RS resource further includes a plu-
rality of ports, the beam matching result includes a TU
number and a port number of the CSI-RS. If each TU
corresponds to a plurality of CSI-RS resources, and a same
transmit beam 1s sent from one port or a plurality of ports
corresponding to each CSI-RS resource, the beam matching
result includes a TU number and a resource number of a
CSI-RS. If each TU corresponds to a plurality of CSI-RS
resources, and each CSI-RS resource corresponds to a
plurality of ports, diflerent transmit beams may be sent from
different ports, and the beam matching result includes a TU
number, a resource number of a CSI-RS, and a port number
of the CSI-RS resource.

As shown 1in FIG. 554, the transmit beam includes a
plurality of narrow beams transmitted aperiodically, Ntot=1,
and the scanning type 1s the second scanming type.

In FIG. 5b, because narrow beams are transmitted aperi-
odically, there 1s only one TU, and the receive beam 1s an
RxB 1 and remains unchanged, to perform transmit beam
scanning. Transmit beams on different CSI-RS resources
and/or ports are different. To be specific, STUs correspond
to different transmait beams. Therefore, the scanning type of
the transmit beam 1 FIG. 556 1s the second scanning type.
The transmit end device transmits a beam based on the
foregoing parameter group, 1in other words, performs beam
scanning. The receive end device can also determine, based
on the foregoing parameter group, a transmit beam aligned
with a recerve beam. For example, assuming that the trans-
mit end device performs transmit beam scanning, and deter-
mines that a narrow beam having relatively high beam
quality 1s a TxB 3, and the receive beam remains unchanged,
the receive end device can determine, based on the foregoing,
parameter group, that a transmit beam aligned with the
receive beam RxB 1 1s the TxB 3.

In addition, when the receive end device reports the beam
matching result, 1t the TU corresponds to one CSI-RS
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resource, and the CSI-RS resource further includes a plu-
rality of ports, the beam matching result includes a port
number of the CSI-RS. If the TU corresponds to a plurality
of CSI-RS resources, and a same transmit beam 1s sent from
one port or a plurality of ports corresponding to each CSI-RS
resource, the beam matching result includes a resource
number of a CSI-RS. If the TU corresponds to a plurality of
CSI-RS resources, and each CSI-RS resource corresponds to
a plurality of ports, different transmit beams may be sent
from diflerent ports, and the beam matching result includes
a resource number of a CSI-RS and a port number of the
CSI-RS resource.

FIG. 6a and FIG. 65 are schematic diagrams of an
example of still another beam scanning and matching pro-
cedure according to an embodiment of the present invention.
The beam scanning and matching procedure 1s used to
determine, based on a determined narrow beam (1n this case,
a transmit beam remains unchanged), a receive beam aligned
with the narrow beam. Specifically, the beam matching
procedure 1s also divided into periodic/semi-periodic beam
matching and aperiodic beam matching.

As shown 1n FIG. 64, the transmit beam i1ncludes a same
narrow beam transmitted periodically or semi-periodically,
Ntot=1, each period includes only one TU, and the scanning
type 1s the first scanming type.

In FIG. 64, the transmit beam remains unchanged. To be
specific, a same narrow beam TxB 1 i1s transmitted. A
quantity (Ntot) of unique time units included 1n a plurality
of consecutive CSI-RS periods or semi-periods 1s equal to 1.
Transmit beams on different CSI-RS resources and/or ports
are the same. To be specific, STUs correspond to a same
transmit beam. Therefore, the scanning type of the transmit
beam 1n FIG. 64 1s the first scanning type. The transmit end
device transmits a beam based on the foregoing parameter
group, in other words, performs beam scanning. The receive
end device can also determine, based on the foregoing
parameter group, a recerve beam aligned with the transmit
beam. For example, a transmit beam of the transmit end
device 1s the TxB 1, and herein the receive end device uses
a plurality of receirve beams to perform beam matching, and
the recerve end device can determine, based on the foregoing
parameter group, that a receive beam aligned with the TxB
1 1s an RxB 3.

As shown 1n FIG. 654, the transmit beam i1ncludes a same
narrow beam transmitted aperiodically, Ntot=1, and the
scanning type 1s the first scanning type.

In FIG. 654, because the narrow beam 1s transmitted
aperiodically, there 1s only one TU, and the transmit beam 1s
a TxB 1 and remains unchanged, to perform receive beam
matching. Transmit beams on different CSI-RS resources
and/or ports are the same. To be specific, STUs correspond
to a same transmit beam. Therefore, the scanning type of the
transmit beam i FIG. 656 1s the first scanning type. The
transmit end device transmits a beam based on the foregoing
parameter group, in other words, performs beam scanning.
The receive end device can also determine, based on the
foregoing parameter group, a receive beam aligned with the
transmit beam. For example, a transmit beam of the transmit
end device 1s the TxB 1, and herein the receive end device
uses a plurality of receive beams to perform beam matching,
and the receive end device can determine, based on the
foregoing parameter group, that a recerve beam aligned with
the TxB 1 1s an RxB 2.

Generally, beam scanning and reporting are separately
performed 1n the beam scanning and matching procedure
(referred to as “procedure 17°) shown in FIG. 4a to FIG. 4c¢
and the beam scanning and matching procedure (referred to
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as “procedure 2”) shown in FIG. 5aq and FIG. 5b. First,
coarse beam alignment 1s performed based on the procedure
1. Based on such information, the transmit end device then
performs the procedure 2 to perform narrow beam align-
ment. When the recerve end device performs narrow beam 53
alignment, the receive beam selected 1n the foregoing pro-
cedure 1 needs to be used. The receive end device may
continuously perform beam tracking of the procedure 1, for
example, periodically report a matching result. When a
selected coarse beam 1s changed, in the subsequently per- 10
tformed procedure 2, a group of narrow beams near a new
coarse beam are used to perform scanning. When a scanning
result 1s reported by using a physical uplink control channel
(Physical Uplink Control Channel, PUCCH), because the
transmit end device does not send an ACK/NACK indication 15
to the receive end device, the receive end device cannot
know whether the transmit end device has received the
information. In narrow beam transmission after a reporting
time, the receive end device does not know whether the
previously selected receive beam 1s to be used or needs to be 20
updated to a newly selected receive beam. Therefore, when
the CSI-RS configuration 1n the procedure 2 1s performed, a
receive beam that should be used needs to be indicated to the
receive end device. Because a group of quasi co-located
(Quasi Co-located, QCL) transmit beams usually correspond 25
to a same receive beam, it may be conceivable to indicate
another CSI-RS resource with which a current CSI-RS
resource 1s QCL to implicitly indicate a receive beam of the
receive end device. Therefore, this embodiment may further
include the following steps (not shown): sending, by the 30
transmit end device, a CSI-RS resource quasi co-location
QCL indication message to the receive end device, where the
indication message 1s used to indicate that one or more
CSI-RS resources used to transmit the plurality of narrow
beams are QCL with one or more CSI-RS resources used to 35
transmit the determined wide beams; receiving, by the
receive end device, the CSI-RS resource quasi co-location
QCL 1ndication message sent by the transmit end device;
and determining the receive beam based on the indication
message. 40

In addition, a joint beam scanning procedure 1s also
conceived. FIG. 7 1s a schematic diagram of an example of
still another beam scanning and matching procedure accord-
ing to an embodiment of the present invention. In FIG. 7, the
procedure 1 and the procedure 2 are performed jointly, and 45
independent CSI-RS resource configuration (as described
above) and same beam scanning result reporting are per-
formed to implement fast beam alignment and reduce feed-
back overheads. For example, an optimal beam pair selected
by the recetve end device 1s a TxB 6 and an RxB 1. 50
Theretfore, a CSI-RS resource number corresponding to the
TxB 6 1s reported. To be specific, the beam matching result
includes information about the one or more narrow beams
determined 1n the determined one or more wide beams. To
support this solution, additional signaling 1s also required to 55
instruct the receive end device to jointly report a scanning
result.

Further, generally, a CSI-RS resource 1s used for channel
measurement, and 1 a 5G communications system, a CSI-
RS resource also needs to be used to perform beam match- 60
ing. Therefore, a same CSI-RS resource may be shared by
the two functions, for example, may be configured for
channel measurement at a moment/frequency band and
configured for beam matching at another moment/frequency
band. Therefore, when a CSI-RS 1s configured at a higher 65
layer, 1t may be conceivable to configure CSI-RS resources
shared by the two functions mto a same reference signal
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setting (RS setting), and different functions are indicated 1n
different CSI reporting settings (CSI reporting setting). A
CSI reporting setting corresponding to the CSI-RS resource
in the RS setting 1s dynamically configured by a layer 1/layer
2 (L1/L2). Therefore, this embodiment may further include
the following steps (not shown): semi-statically configuring,
by the transmit end device, one or more CSI-RS resources
shared by beam matching and channel measurement into a
same reference signal setting; and dynamically selecting, by
the transmit end device from the reference signal setting, at
least one CSI-RS resource used for the beam matching or the
channel measurement.

According to the beam matching method provided in this
embodiment of the present invention, various beam match-
ing procedures may be centrally managed by using one same
beam scanning parameter group, so that the beam matching
procedures can be simplified.

It should be noted that, for ease of description, the
foregoing method embodiments are described as a series of
action combinations. However, a person skilled in the art
should understand that the present invention 1s not limited to
the described sequence of the actions, because some steps
may be performed in another sequence or performed at the
same time according to the present invention.

FIG. 8 1s a schematic structural diagram of a transmit end
device according to an embodiment of the present invention.
The transmit end device 1000 includes: a determining unit
11, a sending unit 12, and a scanming unit 13. Optionally, the
transmit end device 1000 may further include a receiving
unit 14. Further, the transmit end device 1000 may include
a configuration umt and a selection unit (not shown).

The determining unit 11 1s configured to determine a
beam scanning parameter group.

The transmit end device needs to perform transmit beam
scanning based on a beam scanning parameter, a receive end
device needs to perform beam matching based on the beam
scanning parameter indicated by the transmit end device,
and a plurality of procedures are used in the beam scanning
and the beam matching. In the prior art, beam scanning and
matching are performed based on a set of independent
parameters 1 each procedure. In this embodiment, the
transmit end device determines a beam scanning parameter
group used to perform transmit beam and receive beam
scanning, and the beam scanning parameter group 1s appli-
cable to a plurality of beam scanning and matching proce-
dures, and 1s a same group of parameters.

The transmit end device performs the transmit beam
scanning. Herein, a transmit beam may be used to send, for
example, a CSI-RS. The receive end device performs the
beam matching, to be specific, aligns a receive beam of the
receive end device with the transmit beam of the transmit
end device. After the beam scanning and matching are
completed, the transmit end device and the receive end
device may use the matched transmit beam and receive
beam to transmit data.

In some embodiments, the beam scanning parameter
group includes:

a first quantity parameter Ntot, where the first quantity
parameter 1s used to idicate a quantity of unique time units
included 1n at least one consecutive CSI-RS transmission
period required for completing beam matching, the unique
time unit 1s one of at least one time unit included in the at
least one consecutive CSI-RS transmission period, and a
transmit beam associated with the unique time unit 1s
different from a transmit beam associated with another time
unit 1 the at least one consecutive CSI-RS transmission
period, and/or a receive beam associated with the unique
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time unit 1s different from a receive beam associated with
another time unit in the at least one consecutive CSI-RS
transmission period;

a scanning type, where the scanning type includes a first
scanning type and a second scanning type, the first scanning
type 1s used to indicate that transmit beams on diflerent
CSI-RS resources and/or ports 1n each unique time unit are
the same, and the second scanning type is used to indicate
that transmit beams on different CSI-RS resources and/or
ports 1n each umique time unit are different; and

a resource parameter, where the resource parameter 1s
used to idicate one or more CSI-RS resources correspond-
ing to each unique time unit included in each CSI-RS
transmission period.

In some embodiments, the beam scanning parameter
group may further include a second quantity parameter Np,
where Np 1s used to indicate a quantity of time units
included in each CSI-RS transmission period.

In some embodiments, one CSI-RS transmission period or
a plurality of consecutive CSI-RS transmission periods may
be required to complete the beam scanning and matching.
For example, X subirames are occupied to send a {irst
CSI-RS, and a second CSI-RS is sent in an (X+N)? sub-
frame. Therefore, a CSI-RS transmission period 1s N sub-
frames, where Xz=1.

The CSI-RS resource 1s a group of resource elements that
may be sent on a group of ports. A group of ports includes
one or more ports, and a group of REs includes one or more
REs. One transmit beam may correspond to one or more
CSI-RS resources, or correspond to one or more ports ol one
CSI-RS resource. In the first scanning type, 1n each unique
time unit, one transmit beam corresponds to a plurality of
CSI-RS resources or a plurality of ports of one CSI-RS
resource, that 1s, the plurality of CSI-RS resources or the
plurality of ports of one CSI-RS resource correspond to the
same transmit beam. In the second scanning type, in each
unique time unit, one transmit beam corresponds to one
CSI-RS resource or one port of one CSI-RS, that 1s, a
plurality of CSI-RS resources or a plurality of ports of one
CSI-RS resource correspond to different transmit beams.

In this embodiment, as shown 1n a schematic diagram of
a manner of multiplexing CSI-RS resources in FIG. 3, a
plurality of CSI-RS resources corresponding to each unique
time unit may be multiplexed 1n a manner of time division
multiplexing, frequency division multiplexing, or TDM and
FDM.

Further, with respect to configuration of the CSI-RS
resources, the plurality of CSI-RS resources corresponding,
to each unique time unit may be configured in a same
subirame or a plurality of consecutive subirames. To be
specific, a plurality of CSI-RS resources may be sent in one
subirame. For example, four beams, a TxB 1 to a'TxB 4, are
transmitted 1n one unique time unit, and each transmit beam
corresponds to one CSI-RS resource. The TxB 1 to the TxB
4 may be configured in one subirame for sending. Alterna-
tively, the TxB 1 and the TxB 2 may be configured 1n a first
subirame for sending, and the TxB 3 and the TxB 4 may be
configured 1n a second subirame for sending.

In addition, with respect to configuration of the CSI-RS
resources, configuration of each CSI-RS resource includes at
least the following same configuration parameters: a quan-
tity ol ports, time-frequency density, and a period of the
CSI-RS resource. To be specific, a plurality of CSI-RS
resources may be required to complete beam scanning and
matching, the beam scanning and matching need to be
completed 1n a plurality of consecutive CSI-RS transmission
periods, and one CSI-RS resource may correspond to a
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plurality of ports; and during configuration, to simplify
resource configuration, 1t 1s ensured that configuration of
cach CSI-RS resource has the same configuration param-
cters, for example, the same quantity of ports, time-ire-
quency density, and period of the CSI-RS resource.

In some specific beam matching procedures, specific
configurations of the beam scanning parameter group are as
follows:

In an implementation, the transmit beam includes a plu-
rality of wide beams transmitted periodically, and the beam
matching result includes information about one or more
wide beams determined from the plurality of wide beams.

In this implementation, the transmit end device scans the
plurality of transmitted wide beams, and determines one or
more beams having relatively high transmit beam quality
from the plurality of transmitted wide beams, and the receive
end device performs beam matching on the plurality of
transmitted wide beams, and determines receive beams that
match the one or more transmit beams determined by the
transmit end device.

A setting of the beam scanning parameter group in this
implementation 1s as follows: The beam scanning parameter
group lurther includes a second quantity parameter Np,
where Np 1s used to indicate a quantity of time units
included 1n each CSI-RS transmission period, Ntot=Np>1,
and the scanning type 1s the first scanning type or the second
scanning type.

In this setting, the beam matching procedure 1s completed
through centralized scanning and matching.

Another setting of the beam scanning parameter group 1n
this implementation 1s as follows: Ntot=1, and the scanming
type 1s the second scanning type.

In this setting, the beam matching procedure 1s completed
through distributed scanning and matching.

In another implementation, the transmit beam includes a
plurality of narrow beams, and the beam matching result
includes information about one or more narrow beams
determined from the plurality of narrow beams.

In this implementation, a receive beam matched by the
receive end device remains unchanged, and a wide beam
determined through scanning by the transmit end 1s scanned
to determine a plurality of narrow beams 1n the wide beam
and to determine one narrow beam aligned with the receive
beam.

A setting of the beam scanning parameter group in this
implementation 1s as follows: The transmit beam includes a
plurality of narrow beams transmitted periodically or semi-
periodically, Ntot=1, and the scanning type 1s the second
scanning type.

In this setting, the beam matching procedure 1s completed
through periodic or semi-periodic scanning and matching.

Another setting of the beam scanning parameter group 1n
this 1mplementation 1s as follows: The transmit beam
includes a plurality of narrow beams transmitted aperiodi-
cally, Ntot=1, and the scanning type 1s the second scanning
type.

In this setting, the beam matching procedure 1s completed
through aperiodic scanning and matching.

In still another implementation, the transmit beam
includes a same narrow beam transmitted periodically or
semi-periodically, Ntot=1, each period includes only one
TU, and the scanming type 1s the first scanning type.

In this implementation, the transmit beam remains
unchanged, a receive beam that matches the transmit beam
1s determined from a plurality of receive beams, and the
beam matching procedure 1s completed through periodic or
semi-periodic scanmng and matching.
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In still another implementation, the transmit beam
includes a same narrow beam transmitted aperiodically,
Ntot=1, and the scanning type 1s the first scanning type.

In this implementation, the transmit beam remains
unchanged, a receive beam that matches the transmit beam
1s determined from a plurality of receive beams, and the
beam matching procedure 1s completed through aperiodic
scanning and matching.

The sending unit 12 1s configured to send the beam
scanning parameter group to a receive end device.

After the transmit end device establishes a connection to
the receive end device and the transmit end device deter-
mines the beam scanming parameter group, the sending unit
12 sends the beam scanning parameter group to the receive
end device by using signaling, and the receive end device
receives the beam scanning parameter group from the trans-
mit end device. Further, after receiving the beam scanning
parameter group sent by the transmit end device by using the
signaling, the receirve end device may store the beam scan-
ning parameter group. When the receive end device needs to
perform beam matching with the transmit end device, the
receive end device obtains the beam scanning parameter
group stored on the receive end device.

The scanning umt 13 1s configured to perform transmit
beam scanning based on the beam scanning parameter
group.

The transmit end device sends a transmit beam based on
the received beam scanning parameter group, to be specific,
sends the transmit beam based on the first quantity param-
cter, the scanning type, and the resource parameter.

In some embodiments, the transmit end device 1000 may
turther 1include the recerving unit 14. The recerving unit 14
1s configured to receive a beam matching result from the
receive end device, where the beam matching result includes
information about a transmit beam that 1s determined by
performing beam matching by the receive end device based
on the beam scanning parameter group, where 11 the unique
time unit corresponds to one CSI-RS resource, the beam
matching result includes a number of a unique time umnit
corresponding to the determined transmit beam and/or a port
number of the CSI-RS resource; and 11 the unique time unit
corresponds to a plurality of CSI-RS resources, the beam
matching result includes a number of a unique time unit
corresponding to the determined transmit beam and/or
resource numbers of the CSI-RS resources and/or port
numbers of the CSI-RS resources.

In some embodiments, for the beam matching procedure
shown in FIG. 4a, the beam matching result includes a TU
number.

For the beam matching procedure shown 1n FIG. 45, the
beam matching result includes: 1f each TU corresponds to
one CSI-RS resource, and the CSI-RS resource further
includes a plurality of ports, 1n other words, a transmit beam
1s sent irom the plurality of ports corresponding to the
CSI-RS resource, the beam matching result includes a port
number of the CSI-RS resource. If each TU corresponds to
a plurality of CSI-RS resources, and a same transmit beam
1s sent from one port or a plurality of ports corresponding to
cach CSI-RS resource, the beam matching result includes a
resource number of a CSI-RS. If each TU corresponds to a
plurality of CSI-RS resources, and each CSI-RS resource
corresponds to a plurality of ports, diflerent transmit beams
may be sent from different ports, and the beam matching
result includes a resource number of a CSI-RS and a port
number of the CSI-RS resource.

For the beam matching procedure shown in FIG. 4¢, the
beam matching result includes: 11 the TU corresponds to one
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CSI-RS resource, and the CSI-RS resource further includes
a plurality of ports, 1n other words, a transmit beam 1s sent
from the plurality of ports corresponding to the CSI-RS
resource, the beam matching result includes a port number
of the CSI-RS. If the TU corresponds to a plurality of
CSI-RS resources, and one or more ports corresponding to
cach CSI-RS resource are used to send a same transmit
beam, the beam matching result includes a resource number
of a CSI-RS. If the TU corresponds to a plurality of CSI-RS
resources, and each CSI-RS resource corresponds to a
plurality of ports, diflerent transmit beams may be sent from
different ports, and the beam matching result includes a
resource number of a CSI-RS and a port number of the
CSI-RS resource.

For the beam matching procedure shown in FIG. Sa, the
beam matching result includes: 1f each TU corresponds to
one CSI-RS resource, and the CSI-RS resource further
includes a plurality of ports, the beam matching result
includes a TU number and a port number of the CSI-RS. If
cach TU corresponds to a plurality of CSI-RS resources, and
a same transmit beam 1s sent from one port or a plurality of
ports corresponding to each CSI-RS resource, the beam
matching result includes a TU number and a resource
number of a CSI-RS. If each TU corresponds to a plurality
of CSI-RS resources, and each CSI-RS resource corresponds
to a plurality of ports, different transmit beams may be sent
from different ports, and the beam matching result includes
a TU number, a resource number of a CSI-RS, and a port
number of the CSI-RS resource.

For the beam matching procedure shown 1n FIG. 55, the
beam matching result includes: 11 the TU corresponds to one
CSI-RS resource, and the CSI-RS resource further includes
a plurality of ports, the beam matching result includes a port
number of the CSI-RS. If the TU corresponds to a plurality
of CSI-RS resources, and a same transmit beam 1s sent from
one port or a plurality of ports corresponding to each CSI-RS
resource, the beam matching result includes a resource
number of a CSI-RS. If the TU corresponds to a plurality of
CSI-RS resources, and each CSI-RS resource corresponds to
a plurality of ports, different transmit beams may be sent
from different ports, and the beam matching result includes
a resource number of a CSI-RS and a port number of the
CSI-RS resource.

It should be noted that, 1n addition to reporting the beam
matching result to the transmit end device, the receive end
device may also report beam quality. In this case, the
receiving unit 14 may be further configured to receive a
beam quality report from the receive end device.

Further, the sending unit 12 may be further configured to
send a CSI-RS resource quasi co-location QCL indication
message to the receive end device, where the indication
message 1s used to indicate that one or more CSI-RS
resources used to transmit the plurality of narrow beams are
QCL with one or more CSI-RS resources used to transmit
the determined wide beams. Another CSI-RS resource with
which a current CSI-RS resource 1s QCL 1s indicated, so that
a recerve beam of the receive end device can be implicitly
indicated.

Further, joint beam scanning and matching is also con-
ceived, and the beam matching result includes information
about the one or more narrow beams determined in the
determined one or more wide beams. Independent CSI-RS
resource configuration and same beam scanning result
reporting are performed to implement fast beam alignment
and reduce feedback overheads. To support this solution,
additional signaling 1s also required to instruct the receive
end device to jointly report a scanning result.
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Generally, a CSI-RS resource 1s used for channel mea-
surement, and 1n a 5G communications system, a CSI-RS
resource also needs to be used to perform beam matching.
Therefore, a same CSI-RS resource may be shared by the
two functions, for example, may be configured for channel 5
measurement at a moment/frequency band and configured
for beam matching at another moment/frequency band.
Theretfore, when a CSI-RS 1s configured at a higher layer, 1t
may be conceivable to configure CSI-RS resources shared
by the two functions 1nto a same reference signal setting, and 10
different functions are indicated in different CSI reporting
settings. A CSI reporting setting corresponding to the CSI-
RS resource 1n the reference signal setting 1s dynamically
configured by a layer 1/layer 2. Therefore, the transmit end
device 1000 may further include: the configuration unmit and 15
the selection unit (not shown).

The configuration unit 1s configured to semi-statically
configure one or more CSI-RS resources shared by beam
matching and channel measurement 1nto a same reference
signal setting. 20

The selection unit 1s configured to dynamically select,
from the reference signal setting, at least one CSI-RS
resource used for the beam matching or the channel mea-
surement.

According to the transmit end device provided in this 25
embodiment of the present invention, various beam match-
ing procedures may be centrally managed by using one same
beam scanning parameter group, so that the beam matching
procedures can be simplified.

FIG. 9 1s a schematic structural diagram of a receive end 30
device according to an embodiment of the present invention.
The receive end device 2000 includes a recerving unit 21 and
a matching unit 22. Optionally, the receive end device 2000
may further include a sending unit 23.

The recerving unit 21 1s configured to receive a beam 35
scanning parameter group from a transmit end device.

The transmit end device needs to perform transmit beam
scanning based on a beam scanning parameter, the receive
end device needs to perform beam matching based on the
beam scanning parameter indicated by the transmit end 40
device, and a plurality of procedures are used 1n the beam
scanning and the beam matching. In the prior art, beam
scanning and matching are performed based on a set of
independent parameters 1n each procedure. In this embodi-
ment, the transmit end device determines a beam scanning 45
parameter group used to perform transmit beam and receive
beam scanning, and the beam scanning parameter group 1s
applicable to a plurality of beam scanning and matching
procedures, and 1s a same group of parameters.

The transmit end device performs the transmit beam 50
scanning. Herein, a transmit beam may be used to send, for
example, a CSI-RS. The receive end device performs the
beam matching, to be specific, aligns a receive beam of the
receive end device with the transmit beam of the transmit
end device. After the beam scanning and matching are 55
completed, the transmit end device and the receive end
device may use the matched transmit beam and receive
beam to transmit data.

After the transmit end device establishes a connection to
the receive end device and the transmit end device deter- 60
mines the beam scanning parameter group, the transmit end
device sends the beam scanning parameter group to the
receive end device by using signaling, and the receiving unit
21 receives the beam scanning parameter group from the
transmit end device. Further, after the receiving unit 21 65
receives the beam scanming parameter group sent by the
transmit end device by using the signaling, the receive end
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device may store the beam scanning parameter group. When
the recerve end device needs to perform beam matching with
the transmit end device, the receive end device obtains the
beam scanning parameter group stored on the receive end
device.

In some embodiments, the beam scanning parameter
group includes:

a first quantity parameter Ntot, where the first quantity
parameter 1s used to indicate a quantity of unique time units
included 1n at least one consecutive CSI-RS transmission
period required for completing beam matching, the unique
time unit 1s one of at least one time unit included 1n the at
least one consecutive CSI-RS transmission period, and a
transmit beam associated with the unique time unit 1s
different from a transmit beam associated with another time
unit 1n the at least one consecutive CSI-RS transmission
period, and/or a receive beam associated with the unique
time unit 1s different from a receive beam associated with
another time unit 1n the at least one consecutive CSI-RS
transmission period;

a scanning type, where the scanming type includes a first
scanning type and a second scanning type, the first scanning,
type 1s used to indicate that transmit beams on different
CSI-RS resources and/or ports 1n each unique time unit are
the same, and the second scanning type i1s used to indicate
that transmit beams on different CSI-RS resources and/or
ports 1n each unique time unit are different; and

a resource parameter, where the resource parameter 1s
used to mdicate one or more CSI-RS resources correspond-
ing to each unique time unit mcluded 1n each CSI-RS
transmission period.

Optionally, the beam scanning parameter group may
turther include a second quantity parameter Np, where Np 1s
used to indicate a quantity of time units included 1n each
CSI-RS transmission period.

Specifically, one CSI-RS transmission period or a plural-
ity of consecutive CSI-RS transmission periods may be
required to complete the beam scanning and matching. For
example, X subiframes are occupied to send a first CSI-RS,
and a second CSI-RS is sent in an (X+N)” subframe.
Therefore, a CSI-RS transmission period 1s N subirames,
where Xz1.

The CSI-RS resource 1s a group of resource elements that
may be sent on a group of ports. A group of ports includes
one or more ports, and a group of REs includes one or more
REs. One transmit beam may correspond to one or more
CSI-RS resources, or correspond to one or more ports of one
CSI-RS resource. In the first scanning type, in each unique
time unit, one transmit beam corresponds to a plurality of
CSI-RS resources or a plurality of ports of one CSI-RS
resource, that 1s, the plurality of CSI-RS resources or the
plurality of ports of one CSI-RS resource correspond to the
same transmit beam. In the second scanning type, in each
unique time unit, one transmit beam corresponds to one
CSI-RS resource or one port of one CSI-RS, that 1s, a
plurality of CSI-RS resources or a plurality of ports of one
CSI-RS resource correspond to different transmit beams.

In this embodiment, as shown 1n a schematic diagram of
a manner of multiplexing CSI-RS resources 1n FIG. 3, a
plurality of CSI-RS resources corresponding to each unique
time unit may be multiplexed 1n a manner of time division
multiplexing, frequency division multiplexing, or TDM and
FDM.

Further, with respect to configuration of the CSI-RS
resources, the plurality of CSI-RS resources corresponding,
to each unique time unit may be configured in a same
subiframe or a plurality of consecutive subirames. To be
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specific, a plurality of CSI-RS resources may be sent 1in one
subirame. For example, four beams, a TxB 1 to a'TxB 4, are
transmitted 1n one unique time unit, and each transmit beam
corresponds to one CSI-RS resource. The TxB 1 to the TxB
4 may be configured in one subirame for sending. Alterna-
tively, the TxB 1 and the TxB 2 may be configured 1n a first
subirame for sending, and the TxB 3 and the TxB 4 may be
configured 1n a second subirame for sending.

In addition, with respect to configuration of the CSI-RS
resources, configuration of each CSI-RS resource includes at
least the following same configuration parameters: a quan-

tity of ports, time-frequency density, and a period of the
CSI-RS resource. To be specific, a plurality of CSI-RS
resources may be required to complete beam scanning and
matching, the beam scanning and matching need to be
completed 1n a plurality of consecutive CSI-RS transmission
periods, and one CSI-RS resource may correspond to a
plurality of ports; and during configuration, to simplify
resource configuration, 1t 1s ensured that configuration of
cach CSI-RS resource has the same configuration param-
cters, for example, the same quantity of ports, time-ire-
quency density, and period of the CSI-RS resource.

In some specific beam matching procedures, specific
configurations of the beam scanning parameter group are as
follows:

In an 1implementation, the transmit beam includes a plu-
rality of wide beams transmitted periodically, and the beam
matching result includes information about one or more
wide beams determined from the plurality of wide beams.

In this implementation, the transmit end device scans the
plurality of transmitted wide beams, and determines one or
more beams having relatively ligh transmit beam quality
from the plurality of transmitted wide beams, and the receive
end device performs beam matching on the plurality of
transmitted wide beams, and determines receive beams that
match the one or more transmit beams determined by the
transmit end device.

A setting of the beam scanning parameter group 1n this
implementation 1s as follows: The beam scanning parameter
group lfurther includes a second quantity parameter Np.,
where Np 1s used to indicate a quantity of time units
included 1n each CSI-RS transmission period, Ntot=Np>1,
and the scanning type 1s the first scanning type or the second
scanning type.

In this setting, the beam matching procedure 1s completed
through centralized scanning and matching.

Another setting of the beam scanning parameter group 1n
this implementation 1s as follows: Ntot=1, and the scanning,
type 1s the second scanning type.

In this setting, the beam matching procedure 1s completed
through distributed scanning and matching.

In another implementation, the transmit beam includes a
plurality of narrow beams, and the beam matching result
includes information about one or more narrow beams
determined from the plurality of narrow beams.

In this implementation, a recetve beam matched by the
receive end device remains unchanged, and a wide beam
determined through scanning by the transmit end 1s scanned
to determine a plurality of narrow beams in the wide beam
and to determine one narrow beam aligned with the receive
beam.

A setting of the beam scanning parameter group 1n this
implementation 1s as follows: The transmit beam includes a
plurality of narrow beams transmitted periodically or semi-
periodically, Ntot=1, and the scanning type 1s the second
scanning type.
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In this setting, the beam matching procedure 1s completed
through periodic or semi-periodic scanning and matching.

Another setting of the beam scanning parameter group 1n
this 1mplementation 1s as follows: The transmit beam
includes a plurality of narrow beams transmitted aperiodi-
cally, Ntot=1, and the scanning type is the second scanning
type.

In this setting, the beam matching procedure 1s completed
through aperiodic scanning and matching.

In still another implementation, the transmit beam
includes a same narrow beam transmitted periodically or
semi-periodically, Ntot=1, each period includes only one
TU, and the scanning type 1s the first scanning type.

In this implementation, the transmit beam remains
unchanged, a receirve beam that matches the transmit beam
1s determined from a plurality of receive beams, and the
beam matching procedure 1s completed through periodic or
semi-periodic scanmng and matching.

In still another implementation, the transmit beam
includes a same narrow beam transmitted aperiodically,
Ntot=1, and the scanning type 1s the first scanning type.

In this implementation, the transmit beam remains
unchanged, a receive beam that matches the transmit beam
1s determined from a plurality of receive beams, and the
beam matching procedure 1s completed through aperiodic
scanning and matching.

The matching umt 22 1s configured to perform beam
matching based on the beam scanning parameter group.

The matching unit 22 matches, based on the beam scan-
ning parameter group, a receive beam of the transmit beam
determined by the transmit end device through scanning, so
that the receive beam of the receive end device 1s aligned
with the transmit beam of the transmit end device. In other
words, the beam scanming parameter group 1s used to
determine a group of a transmit beam and a receive beam
that are aligned with each other. The matching unit 22 1s
specifically configured to: for a transmit beam determined
after the transmit end device performs the beam scanning
based on the beam scanning parameter group, obtain, based
on the beam scanning parameter group, a receirve beam that
matches the transmit beam.

In some embodiments, for example, 1n one beam scanning,
and matching procedure, the transmit end device scans a
plurality of transmitted wide beams, and determines one or
more beams having relatively high transmit beam quality
from the plurality of transmitted wide beams, and the receive
end device performs beam matching on the plurality of
transmitted wide beams, and determines receive beams that
match the one or more transmit beams determined by the
transmit end device. In another beam scanning and matching
procedure, a receive beam matched by the receive end
device remains unchanged, and a wide beam determined
through scanning by the transmit end 1s scanned to deter-
mine a plurality of narrow beams in the wide beam and to
determine one narrow beam aligned with the receive beam.
In still another beam scanning and matching procedure, the
transmit beam remains unchanged, and a receive beam that
matches the transmit beam 1s determined from a plurality of
receive beams. Each of the foregoing beam matching pro-
cedures 1s performing measurement through scanning to
obtain a beam having relatively high transmit beam or
receive beam quality, and 1s a process of aligning a receive
beam with a transmit beam.

In some embodiments, the receive end device 2000 may
turther include the sending umt 23. The sending unit 23 1s
configured to send a beam matching result to the transmait
end device, where the beam matching result includes infor-
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mation about a transmit beam that 1s determined by per-
forming beam matching based on the beam scanning param-
cter group, where 1f the unique time unit corresponds to one
CSI-RS resource, the beam matching result includes a
number of a umque time umt corresponding to the deter-
mined transmit beam and/or a port number of the CSI-RS
resource; and 1f the unique time unit corresponds to a
plurality of CSI-RS resources, the beam matching result
includes a number of a unique time unit corresponding to the
determined transmit beam and/or resource numbers of the
CSI-RS resources and/or port numbers of the CSI-RS
resources.

Specifically, for the beam matching procedure shown 1n
FIG. 4a, the beam matching result includes a TU number.

For the beam matching procedure shown in FIG. 45, the
beam matching result includes: 1f each TU corresponds to
one CSI-RS resource, and the CSI-RS resource further
includes a plurality of ports, 1n other words, a transmit beam
1s sent from the plurality of ports corresponding to the
CSI-RS resource, the beam matching result includes a port
number of the CSI-RS resource. If each TU corresponds to
a plurality of CSI-RS resources, and a same transmit beam
1s sent from one port or a plurality of ports corresponding to
cach CSI-RS resource, the beam matching result includes a
resource number of a CSI-RS. If each TU corresponds to a
plurality of CSI-RS resources, and each CSI-RS resource
corresponds to a plurality of ports, different transmit beams
may be sent from different ports, and the beam matching
result includes a resource number of a CSI-RS and a port
number of the CSI-RS resource.

For the beam matching procedure shown in FIG. 4¢, the
beam matching result includes: 11 the TU corresponds to one
CSI-RS resource, and the CSI-RS resource further includes
a plurality of ports, 1n other words, a transmit beam 1s sent
from the plurality of ports corresponding to the CSI-RS
resource, the beam matching result includes a port number
of the CSI-RS. If the TU corresponds to a plurality of
CSI-RS resources, and one or more ports corresponding to
cach CSI-RS resource are used to send a same transmuit
beam, the beam matching result includes a resource number
of a CSI-RS. If the TU corresponds to a plurality of CSI-RS
resources, and each CSI-RS resource corresponds to a
plurality of ports, diflerent transmit beams may be sent from
different ports, and the beam matching result includes a
resource number of a CSI-RS and a port number of the
CSI-RS resource.

For the beam matching procedure shown in FIG. 5a, the
beam matching result includes: 1f each TU corresponds to
one CSI-RS resource, and the CSI-RS resource further
includes a plurality of ports, the beam matching result
includes a TU number and a port number of the CSI-RS. If
cach TU corresponds to a plurality of CSI-RS resources, and
a same transmit beam 1s sent from one port or a plurality of
ports corresponding to each CSI-RS resource, the beam
matching result includes a TU number and a resource
number of a CSI-RS. If each TU corresponds to a plurality
of CSI-RS resources, and each CSI-RS resource corresponds
to a plurality of ports, different transmit beams may be sent
from different ports, and the beam matching result includes
a TU number, a resource number of a CSI-RS, and a port
number of the CSI-RS resource.

For the beam matching procedure shown in FIG. 55, the
beam matching result includes: 11 the TU corresponds to one
CSI-RS resource, and the CSI-RS resource further includes
a plurality of ports, the beam matching result includes a port
number of the CSI-RS. If the TU corresponds to a plurality
of CSI-RS resources, and a same transmit beam 1s sent from
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one port or a plurality of ports corresponding to each CSI-RS
resource, the beam matching result includes a resource
number of a CSI-RS. If the TU corresponds to a plurality of
CSI-RS resources, and each CSI-RS resource corresponds to
a plurality of ports, different transmit beams may be sent
from different ports, and the beam matching result includes
a resource number of a CSI-RS and a port number of the
CSI-RS resource.

It should be noted that, 1n addition to reporting the beam
matching result to the transmit end device, the receive end
device may also report beam quality. In this case, the
sending unit 23 may be further configured to report beam
quality to the transmit end device.

Further, the receiving unit 21 may be further configured to
receive a CSI-RS resource quasi co-location QCL 1ndication
message sent by the transmit end device, where the 1ndica-
tion message 1s used to indicate that one or more CSI-RS
resources used to transmit the plurality of narrow beams are
QCL with one or more CSI-RS resources used to transmit
the determined wide beams. The matching unit 22 may be
turther configured to determine the receive beam based on
the indication message. Another CSI-RS resource with
which a current CSI-RS resource 1s QCL 1s indicated, so that
a receive beam of the receive end device can be implicitly
indicated.

Further, joint beam scanning and matching 1s also con-
ceived, and the beam matching result includes information
about the one or more narrow beams determined in the
determined one or more wide beams. Independent CSI-RS
resource configuration and same beam scanning result
reporting are performed to implement fast beam alignment
and reduce feedback overheads. To support this solution,
additional signaling 1s also required to instruct the receive
end device to jointly report a scanning result.

According to the receive end device provided in this
embodiment of the present invention, various beam match-
ing procedures may be centrally managed by using one same
beam scanning parameter group, so that the beam matching
procedures can be simplified.

FIG. 10 1s a schematic structural diagram of another
transmit end device according to an embodiment of the
present invention. The transmit end device 3000 may
include a transmitter 31, a receiver 32, a processor 33, and
a memory 34. The transmitter 31, the receiver 32, the
processor 33, and the memory 34 each are connected to a bus
35.

The processor 33 controls operations of the transmit end
device 3000. The processor 33 may also be referred to as a
central processing unit (Central Processing Unit, CPU). The
processor 33 may be an integrated circuit chip and has a
signal processing capability. The processor 33 may be
alternatively a general purpose processor, a digital signal
processor (Digital Signal Processor, DSP), an application-
specific integrated circuit (Application-Specific Integrated
Circuit, ASIC), a field-programmable gate array (Field-
Programmable Gate Array, FPGA) or another programmable
logical device, a discrete gate or a transistor logical device,
or a discrete hardware assembly. The general purpose pro-
cessor may be a microprocessor, or the processor may be any
conventional processor or the like.

The memory 34 stores a set of program code, and the
processor 33 1s configured to invoke the program code
stored 1n the memory 34, to perform the following opera-
tions:

determining a beam scannming parameter group;

sending the beam scanning parameter group to a receive
end device; and
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performing transmit beam scanning based on the beam
scanning parameter group.

In this implementation, the transmit end device performs
beam scanning based on the determined beam scanning
parameter group, and sends the beam scanning parameter
group to the receive end device, so that the receive end
device matches, based on the beam scanning parameter
group, a recerve beam of a transmit beam determined
through scanming, and the beam scanning parameter group
may be used 1n any beam matching procedure. Therelore,
various beam matching procedures may be centrally man-
aged by using one same beam scanning parameter group, so
that the beam matching procedures can be simplified.

In an implementation, the beam scanning parameter group
includes:

a first quantity parameter Ntot, where the first quantity
parameter 1s used to indicate a quantity of unique time units
included 1n at least one consecutive channel state informa-
tion-reference signal CSI-RS transmission period required
for completing beam matching, the unique time unit 1s one
of at least one time unit included 1n the at least one
consecutive CSI-RS transmission period, and a transmit
beam associated with the unique time unit 1s different from
a transmit beam associated with another time unit 1n the at
least one consecutive CSI-RS transmission period, and/or a
receive beam associated with the unique time unit 1s differ-
ent from a receirve beam associated with another time unit 1n
the at least one consecutive CSI-RS transmission period;

a scanning type, where the scanning type includes a first
scanning type and a second scanning type, the first scanning
type 1s used to indicate that transmit beams on diflerent
CSI-RS resources and/or ports 1n each unique time unit are
the same, and the second scanning type is used to indicate
that transmit beams on different CSI-RS resources and/or
ports 1n each umique time unit are different; and

a resource parameter, where the resource parameter 1s
used to indicate one or more CSI-RS resources correspond-
ing to each unique time unit included 1n each CSI-RS
transmission period.

In this implementation, the transmit end device and the
receive end device may perform any beam matching proce-
dure based on the same three parameters.

In another implementation, a plurality of CSI-RS
resources corresponding to each unique time unit are con-
figured 1n a same subframe or a plurality of consecutive
subirames, and/or configuration of each CSI-RS resource
includes at least the following same configuration param-
eters: a quantity of ports, time-frequency density, and a
period of the CSI-RS resource.

In this implementation, CSI-RS resource configuration 1s
performed for each unique time unit based on some same
configuration parameters, so that the configuration can be
simplified.

In still another implementation, the processor 33 1s further
configured to perform the following operation:

receiving a beam matching result from the receive end
device, where the beam matching result includes 1nforma-
tion about a transmit beam that 1s determined by performing
beam matching by the receive end device based on the beam
scanning parameter group, where

if the unique time unit corresponds to one CSI-RS
resource, the beam matching result includes a number of a
unique time unit corresponding to the determined transmit
beam and/or a port number of the CSI-RS resource; and

if the unique time unit corresponds to a plurality of
CSI-RS resources, the beam matching result includes a
number of a umique time umt corresponding to the deter-
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mined transmit beam and/or resource numbers of the CSI-
RS resources and/or port numbers of the CSI-RS resources.

In this implementation, for the procedures of the beam
scanning and the beam matching, after the beam matching 1s
completed, the receive end device needs to report the beam
matching result to the transmit end device, to notily the
information about the transmit beam determined by per-
forming the beam matching.

In still another implementation, the transmit beam
includes a plurality of wide beams transmitted periodically,
and the beam matching result includes information about
one or more wide beams determined from the plurality of
wide beams.

In this implementation, the transmit end device scans the
plurality of transmitted wide beams, and determines one or
more beams having relatively high transmit beam quality
from the plurality of transmitted wide beams, and the receive
end device performs beam matching on the plurality of
transmitted wide beams, and determines receive beams that
match the one or more transmit beams determined by the
transmit end device.

In still another implementation, the beam scanning
parameter group further includes a second quantity param-
cter Np, where Np 1s used to indicate a quantity of time units
included 1n each CSI-RS transmission period, Ntot=Np=>1,
and the scanning type 1s the first scanning type or the second
scanning type.

In this implementation, the beam matching procedure 1s
completed through centralized scanning and matching.

In still another implementation, Ntot=1, and the scanning,
type 1s the second scanning type.

In this implementation, the beam matching procedure 1s
completed through distributed scanning and matching.

In still another implementation, the transmit beam
includes a plurality of narrow beams, and the beam matching
result includes information about one or more narrow beams
determined from the plurality of narrow beams.

In this implementation, a receive beam matched by the
receive end device remains unchanged, and a wide beam
determined through scanning by the transmit end 1s scanned
to determine a plurality of narrow beams 1n the wide beam
and to determine one narrow beam aligned with the receive
beam.

In still another implementation, the transmit beam
includes a plurality of narrow beams transmitted periodi-
cally or semi-periodically, Ntot=1, and the scanning type 1s
the second scanning type.

In this implementation, the beam matching procedure 1s
completed through periodic or semi-periodic scanning and
matching.

In still another implementation, the transmit beam
includes a plurality of narrow beams transmitted aperiodi-
cally, Ntot=1, and the scanning type is the second scanning
type.

In this implementation, the beam matching procedure 1s
completed through aperiodic scanning and matching.

In still another implementation, the processor 33 1s further
configured to perform the following operation:

sending a CSI-RS resource quasi co-location QCL 1ndi-
cation message to the receive end device, where the indi-

cation message 1s used to indicate that one or more CSI-RS
resources used to transmit the plurality of narrow beams are
QCL with one or more CSI-RS resources used to transmit
the determined wide beams.
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In this implementation, another CSI-RS resource with
which a current CSI-RS resource 1s QCL 1s indicated, so that
a receive beam of the receive end device can be implicitly
indicated.

In st1ll another implementation, the beam matching result
includes information about the one or more narrow beams
determined 1n the determined one or more wide beams.

In this implementation, a beam matching result 1s jointly
reported for two procedures, so that feedback overheads of
the receive end device can be reduced.

In still another implementation, the ftransmit beam
includes a same narrow beam transmitted periodically or
semi-periodically, Ntot=1, each period includes only one
TU, and the scanning type 1s the first scanming type.

In this 1mplementation, the transmit beam remains
unchanged, a receive beam that matches the transmit beam
1s determined from a plurality of receive beams, and the
beam matching procedure 1s completed through periodic or
semi-periodic scanning and matching.

In still another implementation, the ftransmit beam
includes a same narrow beam transmitted aperiodically,
Ntot=1, and the scanning type 1s the first scanning type.

In this i1mplementation, the transmit beam remains
unchanged, a receive beam that matches the transmit beam
1s determined from a plurality of receive beams, and the
beam matching procedure 1s completed through aperiodic
scanning and matching.

In still another implementation, the processor 33 1s further
configured to perform the following operations:

semi-statically configuring one or more CSI-RS resources
shared by beam matching and channel measurement into a
same reference signal setting; and

dynamically selecting, from the reference signal setting,
at least one CSI-RS resource used for the beam matching or
the channel measurement.

In this implementation, the CSI-RS resource may be
multiplexed in the beam matching and the channel measure-
ment.

According to the transmit end device provided in this
embodiment of the present invention, various beam match-
ing procedures may be centrally managed by using one same
beam scanning parameter group, so that the beam matching
procedures can be simplified.

FIG. 11 1s a schematic structural diagram of another
receive end device according to an embodiment of the
present invention. The receive end device 4000 may include
a transmitter 41, a receiver 42, a processor 43, and a memory
44. The transmitter 41, the receiver 42, the processor 43, and
the memory 44 each are connected to a bus 43.

The processor 43 controls operations of the receive end
device 4000. The processor 43 may also be referred to as a
central processing unit (Central Processing Unit, CPU). The
processor 43 may be an integrated circuit chip and has a
signal processing capability. The processor 43 may be
alternatively a general purpose processor, a digital signal
processor (Digital Signal Processor, DSP), an application-
specific integrated circuit (Application-Specific Integrated
Circuit, ASIC), a field-programmable gate array (Field-
Programmable Gate Array, FPGA) or another programmable
logical device, a discrete gate or a transistor logical device,
or a discrete hardware assembly. The general purpose pro-
cessor may be a microprocessor, or the processor may be any
conventional processor or the like.

The memory 44 stores a set of program code, and the
processor 43 1s configured to ivoke the program code
stored 1n the memory 44, to perform the following opera-
tions:

10

15

20

25

30

35

40

45

50

55

60

65

32

receiving a beam scanning parameter group from a trans-
mit end device; and

performing beam matching based on the beam scanning
parameter group.

In this implementation, the transmit end device performs
beam scanning based on the determined beam scanming
parameter group, and sends the beam scanning parameter
group to the receive end device, so that the receive end
device matches, based on the beam scanning parameter
group, a recerve beam of a transmit beam determined
through scanming, and the beam scanning parameter group
may be used 1 any beam matching procedure. Therefore,
vartous beam matching procedures may be centrally man-
aged by using one same beam scanning parameter group, so
that the beam matching procedures can be simplified.

In an implementation, the performing beam matching
based on the beam scanning parameter group 1ncludes:

for a transmit beam determined after the transmit end
device performs the beam scanning based on the beam
scanning parameter group, obtaining, based on the beam
scanning parameter group, a recerve beam that matches the
transmit beam.

In this implementation, the beam matching 1s obtaining,
for the transmit beam determined through beam scanning,
the recetve beam that matches the transmit beam.

In another implementation, the beam scanning parameter
group includes:

a first quantity parameter Ntot, where the first quantity
parameter 1s used to indicate a quantity of unique time units
included 1n at least one consecutive channel state informa-
tion-reference signal CSI-RS transmission period required
for completing the beam matching, the unique time unit 1s
one of at least one time umt included in the at least one
consecutive CSI-RS transmission period, and a transmit
beam associated with the unique time unit 1s different from
a transmit beam associated with another time unit 1n the at
least one consecutive CSI-RS transmission period, and/or a
receive beam associated with the unique time unit 1s differ-
ent from a receirve beam associated with another time unit 1n
the at least one consecutive CSI-RS transmission period;

a scanning type, where the scanning type includes a first
scanning type and a second scanning type, the first scanning,
type 1s used to indicate that transmit beams on different
CSI-RS resources and/or ports 1n each unique time unit are
the same, and the second scanning type is used to indicate
that transmit beams on different CSI-RS resources and/or
ports 1n each unique time unit are different; and

a resource parameter, where the resource parameter 1s
used to idicate one or more CSI-RS resources correspond-
ing to each unique time unit included 1n each CSI-RS
transmission period.

In this implementation, the transmit end device and the
receive end device may perform any beam matching proce-
dure based on the same three parameters.

In still another implementation, the processor 43 1s turther
configured to perform the following operation:

sending a beam matching result to the transmit end
device, where the beam matching result includes 1nforma-
tion about a transmit beam that 1s determined by performing
beam matching based on the beam scanning parameter
group, where

if the unique time umit corresponds to one CSI-RS
resource, the beam matching result includes a number of a
unique time unit corresponding to the determined transmit
beam and/or a port number of the CSI-RS resource; and

i the unique time umit corresponds to a plurality of
CSI-RS resources, the beam matching result includes a
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number of a unique time umt corresponding to the deter-
mined transmit beam and/or resource numbers of the CSI-
RS resources and/or port numbers of the CSI-RS resources.

In this implementation, for the procedures of the beam
scanning and the beam matching, after the beam matching 1s
completed, the recerve end device needs to report the beam
matching result to the transmit end device, to notily the
information about the transmit beam determined by per-
forming the beam matching.

In still another implementation, the ftransmit beam
includes a plurality of wide beams transmitted periodically,
and the beam matching result includes information about
one or more wide beams determined from the plurality of
wide beams.

In this implementation, the transmit end device scans the
plurality of transmitted wide beams, and determines one or
more beams having relatively ligh transmit beam quality
from the plurality of transmitted wide beams, and the receive
end device performs beam matching on the plurality of
transmitted wide beams, and determines receive beams that
match the one or more transmit beams determined by the
transmit end device.

In still another implementation, the beam scanming
parameter group further includes a second quantity param-
cter Np, where Np 1s used to indicate a quantity of time units
included 1n each CSI-RS transmission period, Ntot=Np>1,
and the scanning type 1s the first scanning type or the second
scanning type.

In this implementation, the beam matching procedure 1s
completed through centralized scanning and matching.

In still another implementation, Ntot=1, and the scanning
type 1s the second scanning type.

In this implementation, the beam matching procedure 1s
completed through distributed scanning and matching.

In still another implementation, the ftransmit beam
includes a plurality of narrow beams, and the beam matching
result includes information about one or more narrow beams
determined from the plurality of narrow beams.

In this implementation, a recerve beam matched by the
receive end device remains unchanged, and a wide beam
determined through scanning by the transmit end 1s scanned
to determine a plurality of narrow beams 1n the wide beam
and to determine one narrow beam aligned with the receive
beam.

In still another implementation, the ftransmit beam
includes a plurality of narrow beams transmitted periodi-
cally or semi-periodically, Ntotz1, and the scanning type 1s
the second scanning type.

In this implementation, the beam matching procedure 1s
completed through periodic or semi-periodic scanning and
matching.

In still another implementation, the transmit beam
includes a plurality of narrow beams transmitted aperiodi-
cally, Ntot=1, and the scanning type 1s the second scanning
type.

In this implementation, the beam matching procedure 1s
completed through aperiodic scanning and matching.

In still another implementation, the processor 43 1s further
configured to perform the following operations:

receiving a CSI-RS resource quasi co-location QCL 1ndi-
cation message sent by the transmit end device, where the
indication message 1s used to indicate that one or more
CSI-RS resources used to transmit the plurality of narrow
beams are QCL with one or more CSI-RS resources used to
transmit the determined wide beams; and

determining the receive beam based on the indication
message.
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In this implementation, another CSI-RS resource with
which a current CSI-RS resource 1s QCL 1s indicated, so that
a receive beam of the receive end device can be implicitly
indicated.

In still another implementation, the beam matching result
includes information about the one or more narrow beams
determined 1n the determined one or more wide beams.

In this implementation, a beam matching result 1s jointly
reported for two procedures, so that feedback overheads of
the recerve end device can be reduced.

In still another implementation, the transmit beam
includes a same narrow beam transmitted periodically or
semi-periodically, Ntot=1, each period includes only one
TU, and the scanning type 1s the first scanning type.

In this implementation, the transmit beam remains
unchanged, a receive beam that matches the transmit beam
1s determined from a plurality of receive beams, and the
beam matching procedure 1s completed through periodic or
semi-periodic scanmng and matching.

In still another implementation, the transmit beam
includes a same narrow beam transmitted aperiodically,
Ntot=1, and the scanning type 1s the first scanning type.

In this implementation, the transmit beam remains
unchanged, a receive beam that matches the transmit beam
1s determined from a plurality of receive beams, and the
beam matching procedure 1s completed through aperiodic
scanning and matching.

According to the receive end device provided in this
embodiment of the present invention, various beam match-
ing procedures may be centrally managed by using one same
beam scanning parameter group, so that the beam matching
procedures can be simplified.

In the specification, claims, and accompanying drawings
of the present invention, the terms “first”, “second”, “third”,
“fourth”, and so on are intended to distinguish between
different objects but do not indicate a particular order. In
addition, the terms “include” and “have” and any other
variants thereof are intended to cover a non-exclusive inclu-
sion. For example, a process, a method, a system, a product,
or a device that includes a series of steps or units 1s not
limited to the listed steps or umits, but optionally further
includes an unlisted step or umit, or optionally further
includes another inherent step or unit of the process, the
method, the system, the product, or the device.

In the foregoing embodiments, the description of each
embodiment has respective focuses. For a part that 1s not
described 1n detaill 1n an embodiment, refer to related
descriptions 1n other embodiments.

With descriptions of the foregoing embodiments, a person
skilled 1n the art may clearly understand that the present
invention may be implemented by hardware, firmware, or a
combination thereof. When the present invention 1s 1mple-
mented by software, the foregoing functions may be stored
in a computer readable medium or transmitted as one or
more mstructions or code 1n the computer readable medium.
The computer readable medium 1ncludes a computer storage
medium and a communications medium, where the commu-
nications medium 1includes any medium that enables a
computer program to be transmitted from one place to
another. The storage medium may be any available medium
accessible to a computer. The following i1s used as an
example but does not impose a limitation: The computer
readable medium may include a random access memory
(Random Access Memory, RAM), a read-only memory
(Read-Only Memory, ROM), an electrically erasable pro-
grammable read-only memory (Electrically Erasable Pro-
grammable Read-Only Memory, EEPROM), a compact disc
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read-only memory (Compact Disc Read-Only Memory, CD-
ROM) or other optical disk storage, a disk storage medium
or another disk storage device, or any other medium that can
be used to carry or store expected program code 1n an
instruction or data structure form and can be accessed by a
computer. In addition, any connection may be appropnately
defined as a computer readable medium. For example, 1f
software 1s transmitted from a website, a server, or another
remote source by using a coaxial cable, an optical fiber/
cable, a twisted pair, a digital subscriber line (Digital Sub-
scriber Line, DSL), or wireless technologies such as infrared
ray, radio, and microwave, the coaxial cable, optical fiber/
cable, twisted pair, DSL, or wireless technologies such as
inirared ray, radio, and microwave are included in fixation of
a medium to which they belong. For example, a disk (Disk)
and disc (disc) used by the present invention includes a
compact disc (CD), a laser disc, an optical disc, a digital
versatile disc (DVD), a floppy disk, and a Blu-ray disc,
where the disk generally copies data by a magnetic means,
and the disc copies data optically by a laser means. The

foregoing combination should also be included 1n the pro-
tection scope of the computer readable medium.

What 1s claimed 1s:

1. A beam matching method, comprising:

determining a beam scanming parameter group, wherein
the beam scanning parameter group comprises:

a first quantity parameter (Ntot), wherein the first
quantity parameter indicates a quantity of unique
time units 1n at least one consecutive channel state
information-reference signal (CSI-RS) transmission
period required for completing beam matching,
wherein the unique time unit 1s one of at least one
time unit comprised in the at least one consecutive
CSI-RS transmission period, and a transmit beam
associated with the unique time unit 1s different from
a transmit beam associated with another time unit 1n
the at least one consecutive CSI-RS transmission
period, and/or a receive beam associated with the
unique time unit 1s different from a receive beam
associated with another time unit 1n the at least one
consecutive CSI-RS transmission period;

a scanning type, wherein the scanning type comprises
a {irst scanning type and a second scanning type, the
first scanning type indicates that transmit beams on
different CSI-RS resources and/or ports in each
unique time unit are the same, and the second
scanning type indicates that transmit beams on dif-
terent CSI-RS resources and/or ports 1n each unique
time unit are different; and

a resource parameter, wherein the resource parameter
indicates one or more CSI-RS resources correspond-
ing to each unique time unit comprised in each
CSI-RS transmission period;

sending the beam scanning parameter group to a receive
end device; and

performing transmit beam scanning based on the beam
scanning parameter group; and, wherein the method
further comprises:

receiving a beam matching result from the receive end
device, wherein the beam matching result comprises
information about a transmit beam determined by per-
forming beam matching by the receive end device
based on the beam scanning parameter group, wherein

if the unique time unit corresponds to one CSI-RS
resource, the beam matching result comprises a number
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of a unique time unit corresponding to the determined
transmit beam and/or a port number of the CSI-RS
resource; and

1 the unique time unmit corresponds to a plurality of
CSI-RS resources, the beam matching result comprises
a number of a unique time umt corresponding to the
determined transmit beam and/or resource numbers of
the CSI-RS resources and/or port numbers of the CSI-
RS resources.

2. The method according to claim 1, wherein a plurality
of CSI-RS resources corresponding to each unique time unit
are configured 1n a same subirame or a plurality of consecu-
tive subirames, and/or a configuration of each CSI-RS
resource comprises at least the following configuration
parameters: a quantity of ports, time-frequency density, and
a period of the CSI-RS resource.

3. The method according to claim 1, wherein the transmit
beam comprises a plurality of narrow beams, and the beam
matching result comprises mformation about one or more
narrow beams determined from the plurality of narrow
beams; and

the transmit beam comprises a plurality of narrow beams
transmitted periodically or semi-periodically, Ntot=1,
and the scanning type 1s the second scanning type; or

the transmit beam comprises a plurality of narrow beams
transmitted aperiodically, Ntot=1, and the scanning
type 1s the second scanning type.

4. The method according to claim 3, wherein the method

further comprises:

sending a CSI-RS resource quasi co-location QCL 1ndi-
cation message to the receirve end device, wherein the
indication message indicate that one or more CSI-RS
resources used to transmit the plurality of narrow
beams are QCL with one or more CSI-RS resources
transmitting the determined wide beams.

5. The method according to claim 1, wherein the beam
matching result comprises information about the one or
more narrow beams determined 1n the determined one or
more wide beams.

6. The method according to claim 1, wherein the transmit
beam comprises a same narrow beam transmitted periodi-
cally or semi-periodically, Ntot=1, each period comprises
only one Time Unit (TU), and the scanning type 1s the first
scanning type; or

the transmit beam comprises a same narrow beam trans-
mitted aperiodically, Ntot=1, and the scanning type 1s
the first scanning type.

7. The method according to claim 6, wherein the method

turther comprises:

semi-statically configuring one or more CSI-RS resources
shared by beam matching and channel measurement
into a same reference signal setting; and

dynamically selecting, from the reference signal setting,
at least one CSI-RS resource used for the beam match-
ing or the channel measurement.

8. A beam matching method, comprising;:

receiving a beam scanning parameter group from a trans-
mit end device, wherein the beam scanning parameter
group COmprises:

a first quantity parameter (Ntot), wherein the first quantity
parameter indicates a quantity of unique time units in at
least one consecutive channel state information-refer-
ence signal (CSI-RS) transmission period required for
completing the beam matching, the unique time unit 1s
one of at least one time unit 1n the at least one
consecutive CSI-RS transmission period, and a trans-
mit beam associated with the unique time unit 1s
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different from a transmit beam associated with another
time unit 1in the at least one consecutive CSI-RS trans-
mission period, and/or a receive beam associated with
the unique time unit 1s different from a receive beam
associated with another time unit 1n the at least one
consecutive CSI-RS transmission period;

a scanning type, wherein the scanning type comprises a
first scanning type and a second scanning type, wherein
the first scanming type indicates that transmit beams on
different CSI-RS resources and/or ports in each unique
time unit are the same, and the second scanning type
indicates that transmit beams on different CSI-RS
resources and/or ports in each umque time unit are
different; and

a resource parameter, wherein the resource parameter
indicates one or more CSI-RS resources corresponding
to each unique time unit 1n each CSI-RS transmission
period; and,

performing beam matching based on the beam scanning
parameter group; and, wherein the method further
COmprises:

sending a beam matching result to the transmit end
device, wherein the beam matching result comprises
information about a transmit beam that 1s determined
by performing beam matching based on the beam
scanning parameter group, wherein

if the unique time unit corresponds to one CSI-RS
resource, the beam matching result comprises a number
of a unique time umt corresponding to the determined
transmit beam and/or a port number of the CSI-RS
resource; and

if the unique time unit corresponds to a plurality of

CSI-RS resources, the beam matching result comprises
a number of a unique time unit corresponding to the
determined transmit beam and/or resource numbers of
the CSI-RS resources and/or port numbers of the CSI-
RS resources.

9. The method according to claim 8, wherein the transmait
beam comprises a plurality of wide beams transmitted
periodically, and the beam matching result comprises infor-
mation about one or more wide beams determined from the
plurality of wide beams; and

the beam scanning parameter group further comprises a

second quantity parameter Np, wherein Np indicates a
quantity of time units in each CSI-RS transmission
period, Ntot=Np>1, and the scanning type 1s the first
scanning type or the second scanning type; or

Ntot=1, and the scanning type i1s the second scanning

type.
10. The method according to claim 8, wherein the transmat
beam comprises a plurality of narrow beams, and the beam
matching result comprises information about one or more
narrow beams determined from the plurality of narrow
beams; and
the transmit beam comprises a plurality of narrow beams
transmitted periodically or semi-periodically, Ntotz=1,
and the scanning type 1s the second scanning type; or

the transmit beam comprises a plurality of narrow beams
transmitted aperiodically, Ntot=1, and the scanmng
type 1s the second scanning type.

11. The method according to claim 9, wherein the method
turther comprises:

receiving a CSI-RS resource quasi co-location QCL 1ndi-

cation message sent by the transmit end device,
wherein the indication message 1s used to indicate that
one or more CSI-RS resources used to transmit the
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plurality of narrow beams are QCL with one or more
CSI-RS resources used to transmit the determined wide
beams; and

determiming the receive beam based on the indication
message.

12. The method according to claim 9, wherein the beam
matching result comprises information about the one or
more narrow beams determined in the determined one or
more wide beams.

13. The method according to claim 8, wherein the transmait
beam comprises a same narrow beam transmitted periodi-
cally or semi-periodically, Ntot=1, each period comprises
only one Time Unit (TU), and the scanning type 1s the first
scanning type; or

the transmit beam comprises a same narrow beam trans-
mitted aperiodically, Ntot=1, and the scanning type is
the first scanning type.

14. A transmit end device, comprising: a receiver, a
transmitter, a memory, and a processor, wherein a set of
program code 1s stored 1n the memory, and the processor 1s
configured to invoke the program code stored in the
memory, to perform the following operations:

determining a beam scanning parameter group;

sending the beam scanning parameter group to a receive
end device; and

performing transmit beam scanning based on the beam
scanning parameter group, wherein the beam scanning,
parameter group comprises:

a first quantity parameter Ntot, wherein the first quantity
parameter indicates a quantity of unique time units in at
least one consecutive channel state information-refer-
ence signal (CSI-RS) transmission period required for
completing beam matching, wherein the unique time
unit 1s one of at least one time unit comprised in the at
least one consecutive CSI-RS transmission period, and
a transmit beam associated with the unique time unit 1s
different from a transmit beam associated with another
time unit 1in the at least one consecutive CSI-RS trans-
mission period, and/or a receive beam associated with
the unique time unit 1s different from a receive beam
associated with another time unit 1n the at least one
consecutive CSI-RS transmission period;

a scannming type, wherein the scanning type comprises a
first scanning type and a second scanning type, the first
scanning type 1s used to indicate that transmit beams on
different CSI-RS resources and/or ports 1n each unique
time unit are the same, and the second scanning type 1s
used to indicate that transmit beams on different CSI-
RS resources and/or ports 1in each unique time unit are
different; and

a resource parameter, wherein the resource parameter 1s
used to indicate one or more CSI-RS resources corre-
sponding to each unique time unit comprised in each
CSI-RS transmission period; and, wherein the program
1s further configured to perform:

receiving a beam matching result from the receive end
device, wherein the beam matching result comprises
information about a transmit beam determined by per-
forming beam matching by the receive end device
based on the beam scanning parameter group, wherein

if the unique time umit corresponds to one CSI-RS
resource, the beam matching result comprises a number
of a unique time umt corresponding to the determined
transmit beam and/or a port number of the CSI-RS
resource; and

i the unique time umit corresponds to a plurality of
CSI-RS resources, the beam matching result comprises
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a number of a unique time unit corresponding to the
determined transmit beam and/or resource numbers of
the CSI-RS resources and/or port numbers of the CSI-

RS resources.
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